Report on the chemical analytical method by Ralph Shank, Harriet Pond by Gibbs, Owen Stanley
R E P O R T O N T H E 
C H E M I C A L A N A L Y T I C A L 
M E T H O D 
B Y R A L P H S H A N K 
HARRIET POND 
RESEARCH ASSISTANTS PHARMACOLOGICAL DEPARTMENT 
UNIVERSITY OF TENNESSEE 
THE CHEMICAL ANALYSES REPORTED IN THESE 
STUDIES WERE CONDUCTED 
BY MR. SHANK AND MISS BOND 
UNDER MY SUPERVISION 
O. S. GIBBS 
MEDICAL RESEARCH DIVISION 
O. S. GIBBS, M. B., CH. B. 
DIRECTOR 
PLOUGH BUILDING 
MEMPHIS, TEN NESSEE 
ri l 8, 1943. 
the Dean of the Medical Faculty, 
University of Edinburgh, 
Edinburgh, Scotland. 
Dear Sir: 
should be much obliged, if you would 
kindly cause to be inserted in t he report of 
Studies on Mercury, vthi ch was deposited as an 
M. D. thesis, the attached pace of data which 
was part of that work srini ch are probably the 
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GAMMA PER CENT OF MERCURY IN FOODS 
FOOD Trial 1 Trial 2 Trial 3 
Milk (Clover Farm) 0.708 
Milk (Forrest Hill) 0.371 0.371 0.325 
Milk (Libby's Evaporated) 0.208 0.339 0.358 
Pard Dog Food 1.994 2.604 
Purina Chow 2.46 2.46 1.36 
Bread (White) 0.498 0.498 0.600 
Liver (Hog Sample) 1 0.156 0.0 0.498 
Liver (Hog Sample) 2 0.498 2.462 2.910 
Salmon (Sample) 1 1.362 0.854 0.156 
Salmon (Sample) 2 0.854 1.362 0.854 
Tomato Juice (Libby) 0.009 0.0 0.009 
Hamburger (Liberty Grocery) 0.084 0.498 0.498 
Pork & Beans (Libby) 0.498 0.0 
Pork & Beans (Campbell) 1.610 1.610 1.610 
Green Beans (Blytheville) 1.362 1.610 1.362 
Green Peas (Gerber's) 0.498 0.498 2.462 
Green Peas (Sample 2) 0.498 0.854 
Fresh Fish (Haddock) 0.498 0.156 0.156 
Ralston Wheat Cereal 0.598 0.498 0.498 
Peaches (Libby) 0.854 0.854 
Spinach (Libby) 2.034 2.034 2.462 
Quaker Oats 0.156 0.156 0.498 
Pork Roast (Liberty Grocery) 4.368 4.368 3.864 
Beef Roast (Liberty Grocery) 0.854 0.598 0.894 
Corn (Pride of Illinois) 0.854 0.854 
:C d1ERCi5RY WAS FOUND ,IN THE FOLLOWING FOODS: 
Fresh Turnips 3 T Fresh Cabbage 3 T 
Fresh Beets 3 T Fresh Eggs 6 T 
Fresh Carrots 3 T Salty Crackers 3 T 
Irish Potatoes 3 T 
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Report of M E T H O D Employed 
by Dr. O. S. Gibbs 
Chief of Division of Pharmacology 
University of Tennessee 
Memphis, Tennessee 
General Problems. 
September 12, 1939 




1. As animal skins vary 4 species are being used. 
Dogs, Cats, Rabbits and Rats. 
2. To avoid as far as possible 
Early removal by licking 
Variation in site effects 
all ointments are applied to the back of the head between the ears. The hair 
is removed by fine scissors, or more recently by electric clippers. 
3. The ointment is applied daily except Sunday. 
4. Various strengths are used, these include 
2, 5, 10% White (ammoniated mercury) 
5, 10% Red (red oxide of mercury) 
5% white with 5% zinc oxide 
5% white with 5% bismuth carbonate 
Controls are equal inunctions with the base 
(Petrolatum) 
5. The daily amounts used are calculated on a body -weight basis and represent 
as a minimum 25% more than is used in human work. This figure has been raised 
recently owing to absence of effects with the smaller amounts. 
6. Minimum continuous periods of 3 months are being used. This represents 
three times the duration of the usual applications. Other periods will be 
6, 9 and 12 month, corresponding to 6, 9 and 12 times the normal periods of 
continuous applications. 
The time factor times the dosage factor is thus very considerably larger 
than the ordinary human use of these materials. 
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7. Excretion studies on urine and faeces are being conducted. These offer 
uncontrollable errors owing to the confinement of the animals in cages and 
consequent contamination of excreta (direct) and oral ingestion from licking 
themselves and each other. (Which we have observed). However, the total 
data which will be obtained, plus the analysis of the tissues themselves which 
will be conducted will enable us to form a reasonable estimate of the dangers 
associated with the ingestion or absorption of these materials. To check this 
matter directly, we have now commenced to study the absorption (as measured 
by excretion) in humans. 
8. All animals are weighed weekly. 
9. Accurate daily records are kept of the state of the rats excreta. Other 
animals are found to give rather too variable results dependent very largely 
on their food and the weather (temperature). 
10. Notes are made on the faeces, general appearance, health and behavior of 
other animals. 
11. Chemical analyses are conducted in quite separate rooms by a trained 
chemist. He does not handle any of the mercurial ointments, nor are these 
allowed in his chemical laboratory. The method is accurate, as little as one - 
tenth gamma of mercury (metallic) being detectable. All findings are positive 
as they are obtained actually in metallic mercury. At least 70% is obtainable 
from urine, and faeces. Tissues are somewhat harder to extract but our latest 
figures show well over 60% recovery. Clean solutions give over 90% recovery. 
12. 20 dogs, 12 cats, 12 rabbits and 120 rats are in constant use. 
Extra studies are made on rats from the point of weaning effects. 
13. Cages are washed daily. Dogs are washed weekly. 
FINDINGS. 
The work has not endured 
the studies to be reported. 
examination and tissue analyses. 
Hospital, Milwaukee by Dr. 
Hats. total 120 
long enough for final records of any phase of 
The first batch of rats is now ready for F. M. 
The latter will be conducted in Columbia 
G. Hansman. 
10% white 12 weeks 
5% ° 12 " 
2% n 12 n 
10% red 7 a 
5% te 9 
5% white plus 5% zinc 
oxide 8 'r 
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5% white plus 5% bismuth carbonate 8 weeks 
Base 12 tt 
Certain controls (special) 12 tt 
Following. applications which then total 72 for some animals of the strongest 
ointments (10%)we have not observed any injury locally definite in nature. 
Redness is absent. The tissues which are rubbed rather heavily each day do 
not seem to have increased tenderness, as shown by the reaction of the animals. 
Some discoloration of the neck exists which is certainly in part due to rubbing 
the back of the neck on the feeding cages which are suspended above the animals. 
What damage exists must await the report of the pathologist since it is not ob- 
vious to the naked eye. 
General injury. The weight curves of these animals treated or untreated are 
the same. Males grow larger and more rapidly than females, and controls of 
both s exes have been made. In all animals the weight increase has shown no 
deviation from normal controls, and in the male animals especially it has been 
excellent. The 10% white compare favourably against the control group showing 
that no measurable impairment of nutrition has been obtained, even with the 
strongest and most prolonged applications. 
Analyses on the excreta of rats show however that mercury is present in amounts 
larger than normal controls. (All animals excrete mercury which is to be ex- 
pected as their food contains definite quantities, as checked by our own analy- 
ses). The 10% excreta more than the 2% showing that there is some relation to 
the strength of application under the existing conditions. However, the excre- 
tion is highly irregular and suggests both contamination with external mercury 
(rubbing off on cages and on each other) as well as oral ingestion. The picture 
cannot be completed until analyses are completed along with the pathological 
examination. At this time, we are unable to find local or general damage to 
these animals by our inunctions. 
Rabbits. 
2 groups 
1. 4 animals 2% white plus two base 
2. 4 tt 10% If n n " 
All young chinchilla males. 
In 8 weeks they have gained the following weights 
Base (4) 4280 now 7721 
2% (4) 4180 " 6809 
10% (4) 3975 " 8095 
They are in excellent condition and show no local or general signs of injury. 
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Cats. 
In spite of the difficulties of keeping these animals for long periods 
of time, we have a colony of 12 which for the past 8 weeks has remained in 
satisfactory condition. They are housed in separate cages and probably in 
consequence show much more constant mercury excretion in both urine (especially) 
and faeces. 
No evidence of damage due to the applications of either 2% white (5 animals) 
or 10% white (5 animals) have occurred. The greatest loss of weight has occurred 
in one of the controls. The most stable animal in lop white. With the advent 
of cooler weather and the more generous diet, these animals are doing much 
better than during their control period. The confinement is certainly far 
more dangerous to cats than applications of the ointments. 
Dogs. 
2. controls (base) 6. 2% white 4. 5% white 6. 10% white 2. 10% Red 
Housed in pairs. Fed originally Swift (Pard) Dog Food. This gives loose 
faeces and has been added to by some milk and Purina Chow. The stools are 
now all dry and formed. 
1 control has lost weight 11 weeks duration 
1 " " gained 8 " 
4 2% have gained 11 " 
2 are stationary 8 " 
3 5% white stationary 
1 tt " slight gain 7 " 
4 10% white gained, 3 slightly 1 markedly 
2 " " lost both slightly 7 -10 weeks 
1 10% red lost slightly 
1 gained slightly 7 weeks 
The animals are mixed breed 19 females, one male. One has mange but responds 
well to treatment. One has been upset for the past few days (10% red). The 
remainder are in excellent health and spirits especially for caged animals. 
Regular excretion studies are conducted on this group. They show in brief 
that the normal excrete less than 2% which are less than 5 and 10 %. There are 
marked fluctuations in excretion highly suggestive of contamination or oral 
ingestion. (This latter is known to occur as they lick each other). However, 
in spite of known excretion of mercury, especially faecal, there is no evi- 
dence of specific damage or disturbance in consequence we suspect that the 
ingestion of these insoluble compounds is probably not very dangerous, if even 
harmful. Final conclusions, however, must be based on further studies accompanied 
by tissue analyses and P. M. reports. 
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General Conclusions. Local applications of animoniated mercury and red oxide 
of mercury in strengths up to 10% for periods of 12 weeks continuously pro- 
duces trivial, if any local damage, visible to the eye. 
Similarly local applications to caged animals (where accidental contamination 
and ingestion) is impossible to prevent entirely) is associated with increased 
daily output of mercury both in urine and (especially) faeces. The latter is 
especially irregular. 
Local applications to caged animals in groups, or singly, has not been asso- 
ciated with any impairment of health or spirits. This is markedly shown by 
growth curves of rats and rabbits, and the excessively noisy spirits of the 
dogs. 
Note. 
The form of the mercury on excretion has not been investigated. 
The available results are in terms of metallic mercury. 
Dr. O. S. Gibbs 
Professor and Chief of Division 
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THE CHEMICAL ANALYSIS 
The method used in analyzing for mercury in this research was 
developed by Stock and his co- workers. It has proved very satisfactory 
and has at least one very distinct advantage over most other methods of 
determining minute amounts of mercury. In other methods the final read- 
ing is made colorimetrically which, in itself, may be very subjective. 
Besides, there are many things which interfere in giving the correct 
co]or and hence the correct result. In the method used, the end product 
is pure metallic mercury which is measured microscopically. This allows 
the definite statement to be made -- that what is measured is known to 
be mercury and, with proper precautions, it is the minimum amount of 
mercury in the sample. It is not necessarily the maximum amount and, 
therefore, certain corrections must be determined. 
Mercury presents two very serious difficulties not usually en- 
countered in toxicological analysis. First, it is extremely volatile 
which limits the methods of digestion to those usable below the tempera- 
ture of boiling water. Second, it readily forms a colloidal solution 
when in such small amounts. To overcome this tendency a long slow method 
of precipitation is necessary. 
PROCEDURE 
The procedure consists of five separate steps: 
1. Digestion. Chlorine for urine. Chlorate- hydrochloric acid 
for feces and tissue. 
2. Precipitation as mercuric sulfide, occluded by cupric sulfide. 
3. Conversion to mercuric chloride by means of chlorine, and 
electrolysis, the mercury collecting on a copper wire 
cathode. 
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4. Distillation of the mercury from the wire into a capillary 
glass tube. 
5. Micrometric measurement of the minute spheres of collected 
mercury. 
1. Digestion 
The urine is digested by bubbling chlorine through it for 
forty -five minutes, heating, and, if necessary, bubbling in more chlorine, 
then allowing to stand overnight. 
Feces and tissues are treated with a potassium chlorate -- hydro- 
chloric acid mixture and allowed to stand overnight. It is then refluxed 
in a water bath until the odor of chlorine is faint. 
2. Precipitation 
The digested material is diluted and filtered. (Not necessary for 
urine). Copper is added to the filtrate and copper and mercury are 
co- precipitated with hydrogen sulfide. Although mercuric sulfide is 
quite insoluble, due to the small amount present, the copper is added 
to occlude the mercury as they both precipitate. The tendency for mer- 
cury to form a colloid is overcome by precipitating under pressure, until 
the precipitation is complete, keeping it under pressure and heating for 
ten minutes, cooling for at least ten minutes, then stoppering the flask 
and allowing it to stand overnight. This treatment facilitates the 
growth of large particles. On the following day it is filtered, the pre- 
cipitate is dissolved with chlorine, and precipitated again as just 
described. 
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3. Electrolysis 
The fourth day the precipitate is converted to mercuric chloride 
with chlorine and put on to electrolyze, the mercury being collected on 
a copper wire cathode. The electrolysis is carefully controlled and 
requires two days to complete. Several difficulties arise during the 
electrolysis requiring much technical skill to overcome. Certain pre- 
cautions are necessary and if they are carefully observed, these diffi- 
culties may be successfully mastered. 
4. Distillation 
The wire, containing the mercury, is placed in a specially prepared 
glass tube and the mercury driven into a cooled portion by heating the 
wire through the Alass. The glass must have certain specified qualities 
and the heating must be done in a standard manner. 
5. Micrometric Measurement 
The glass tube is broken off and the mercury centrifuged into a 
small globule. The globule is poured out on a microscope slide and the 
diameter measured with a micrometer ocular. The weight of the globule 
is calculated from its diameter and the density of mercury. 
SOURCES OF ERROR AND THEIR CORRECTION 
1. Apparatus. Glassware is washed with soap and water and rinsed with 
concentrated nitric acid. Metal apparatus is heated to redness. The 
glass distillation tubes are given a special treatment requiring over 
five hours to complete. 
_ g _ 
2. Materials. Blank analysis of all materials is made and corrections 
applied when necessary. 
3. Collection of Feces and Urine. This is beyond our control, but will 
always result in a loss. 
4. Digestion is not complete and will cause a negative error. Stock 
claims not more than ten percent will be left in the residue. 
5 Weights and Measures. The samples are Weighed with a maximum error 
of plus or minus two percent. The maximum error in measuring the final 
globule of mercury is plus or minus six percent. It should be noted that 
all errors, with the exception of weighing and measuring, that are beyond 
control, are in a negative direction. 
ACCURACY 
1. Variation in Like Samples. 
In a series of known samples the maximum variation in the amount 
recovered is about ten percent. Any variation greater than this can be 
suspected by observation during the analysis and has been noted in the results. 
2. Recovery. 
The percent recovered, based on the following results of known 
samples started with chlorination, is approximately seventy percent. 
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Gamma Gamma Percent Gamma Gamma 
Started Recovered Recovered Started Recovered 
Percent 
Recovered 
10 7.502 75.0 500 371.0 74.2 
10 7.502 75.0 500 351.4 70.3 
10 7,139 71.4 500 351.4 7003 
20 14.51 72.5 500 332.6 6605 
20 14.51 72.5 500 332.6 66.5 
20 14.51 72.5 500 391.2 7802 
30 21074 7205 500 371.0 74.2 
30 21020 7007 500 351.4 70.3 
30 2.1.74 72.5 500 351.4 70.3 
30 19.59 6503 500 332.6 66.5 
500 371.0 74.2 500 371.0 74.2 
500 391.2 78.2 500 37100 74.2 
500 351.4 70.3 500 332.6 66.5 
500 332.6 66.5 500 35104 7003 
500 35104 7003 500 39102 7882 
References: I0 Stock, A., and Lux, H., Z.angew. Chem., 44, 200 -6 (1931). 
II. Stock, Lux, Cucuel, F., and Kohle, H., Z.Angew. Chem, 46, 62 -5 (1933)0 
III. Stock, Cucuel, and Kohle, Z. angew, Chem., 46, 187 -91 (1933). 
IV. Stock and Cucuel, Z. angew. Chem., 47, 641 -7 (1934). 
V. Stock, Neuenschuander, N., and Lemmer, Berichte der Deutschen Chem. 
71; 550 -62 (1938) 
Figure 1. Stage 1. 
Laborstory, 7ni-versity of Tennessee. 
Shws, 77,e sst-- for dic7esti-zL sr solid tissues and faeces. 
These must be :-.-,sted unTir2r r;7: condensers for several 
hours with oxidizing matf,rsls. They are then filtered and 
the filtrate treated on Stage 2 set-up. (Precipitation of 
sulphides) 
Figure 2 
Gibbs Laboratory. University of Tennessee 
Stage 1 for urines and fluids. Chlorination. 
Stage 2 for all oxidized materials. Precipitation of sulphides. 
These are then filtered, re- dissolved in chlorine and re- 
precipitated. Refiltered, re- dissolved and pass onto next stage. 
This plant was shortly afterwards doubled in capacity by the 
addition of a parallel unit. 
Figure 2a. 
Gibbs Laboratory, University of Tennessee. 
Set-up for filtration. 
Figure 3. Stage 3. 
Gibbs Laboratory, University of Tennessee 
The dissolved sulphides are placed in 30 cc cups and the mercury 
electroplated onto pure copper wire previously specially treated. 
This process must be most carefully controlled and takes 2 days. 
The apparatus was designed and built by Dr. Gibbs, especially 
for this purpose, and is probably unique in this country of this 
size. (60 separate circuits.) 
Figure 4. Stage 4. 
Gibbs Laboratory. University of Tennessee. 
After the mercury is electro- plated onto copper wire this is 
carefully dried in special separate drying vessels, sealed 
into a specially prepared glass tube, and finally heated hot 
so that the mercury passes off as a vapour to be condensed in 
the fine capillary tube which is cooled by water dropping 
onto it. The mercury is centrifuged into a globule which is 
then placed on a microscope slide and enters the final stage. 
Figure 5. Stage 5. 
Gibbs Laboratory, University of Tennessee. 
The mercury globule is placed on a slide and measured by means 
of a micrometer ocular, which has been previously calibrated 
against a standard. From this measurement by the aid of tables 
now prepared, the exact weight of the regained mercury is cal- 
culated. It may be noted that this type of analysis is quite 
positive in its answer. Mercury found is found as mercury and 
therefore must be there. 
ncCAf11MîNi O[ D6iADMaCOLOC,Y 
Photograph of the exhibition 
demonstrating method of mercury analysis before 
Southern Medical Association 
Thirty -third Annual Meeting 
Memphis, Tennessee 
November 21 -24, 1939 
PEACE 
TO THE ONE-HALF YEAR REPORT ON THE 
PHARMACOLOGICAL STUDIES OF THE 
EXTERNAL PRODUCTS RESEARCH INSTITUTE 
The report is submitted in some detail at this time as a result of 
a special request. As, however, our experiments are not yet completed, 
in consequence of which even the data we proposed to obtain is not yet 
available, any conclusions we have drawn must be regarded as tentative and 
may be subject to revision as fresh data is made available. 
The work on human skin is now nearly completed and the conclusions 
reached in this preliminary report are not subject to material change. 
Neither any attempt at a full discussion of all results, nor any serious 
documentation of this work is made at this time, since such is considered 
unprofitable in that duplication of our efforts would probably result when 
all our experimental data is collected. 
O. S. Gibbs 
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ONE -HALF YEAR REPORT on the PHARMACOLOGICAL STUDIES for the E.P.R.I. 
Summary of Objectives 
Original 
Present 
The main original purpose of these experiments was to investigate 
whether various mercurial ointments when applied to the skin of animals 
were absorbed in measurable quantities, and whether such absorption was 
of such amount as to lead to internal damage. 
A second objective, arising directly out of these experiments, 
was to be the estimation of any local skin damage caused by daily appli- 
cations of mercurials. 
For these purposes certain steps were taken: 
1. The building, equipping and staffing of a chemical plant 
capable of routine analyses of the mercurial content of various tissues. 
2. The formation of suitable animal colonies. 
3. The development of an experimental technique for the 
(1) Care of animals 
(2) Application of ointments 
(3) Records 
(4) Handling of tissues of pathological examinations. 
4. The formation of a suitable connection for the competent 
pathologic examination of both gross and microscopic tissues. 
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All of these objectives have been achieved. 
1. Was the subject of a demonstration by Mr. Shank and 
Miss Pond at the recent meeting of the Southern Medical Society, 
and illustrated the present plant and methods. A detailed report 
on this has already been furnished to the E. P. R. I. A quite 
recent modification of the electrolytic stage of the analyses has 
materially improved the total yield. 
The capacity of the plant is 100 analyses per week. 
2. Animal colonies: (original) 
(1) 120 rats housed in groups of 6. 
(2) 20 dogs housed in groups of 2. 
(3) 12 cats housed separately. 
(4) 12 rabbits housed in groups of 6. 






( hayed reached experimental maturity 
( and have been forwarded for patho- 
( logical examination. 
( 
( 
The dogs are now housed separately. 
3. One colored man is now in complete charge of all animals. 
Dog and rabbit cages are washed daily. 
Rat cages washed every two days. 
Cats are allowed in the cage room except when required for 
collection of feces and urine. 
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Animals are fed standard diets. 
1. Dogs and cats basis "Per d" supplemented 
cats - fresh milk daily; fresh meat (liver) bi- weekly. 
dogs - fresh meat bi- weekly; Purina Chow biscuits and weekly 
cod liver oil. 
Rabbits - Purina Rabbit Feed. 
Rats - Purina Chow Biscuits. 
Weekly weighings of all animals. 
2. Ointments: 2, 5, 10% white: 5, 10% red; 5% white and 5% 
bismuth; 5% white and 5% zinc. 
were originally applied in doses equal to 14- gram six days per week for 
a 50 kilo human. 
Eg. Rats 5 mgs. 
Rabbit) 25 mgs. 
Cats ) 
Dogs 40 mgs. 
As these ointments produced trivial effects after three months 
they were raised to 
Rats 10 mgs. ) 
) 
Rabbits ) The dose is not strictly accurate but this 




Dogs 100 mgs. ) 
All applications were made to the back of the neck, previously 
clipped with fine electric clippers. 
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3. Records: 
(1) Have been kept of experimental procedures. 
(2) Weights. 
(3) Feces record of rats. (soft or normal) 
(4) Results of mercury analyses. 
a. Feces. 
b. Urine. 
c. Calculated total excretion. 
d. Mercury content of tissues. 
To this date 1733 mercury analyses have been made. 
We have also the report of the pathologist and of the 
radiologist. 
4. Pathological Studies. 
It was decided that whenever possible living animals would 
be forwarded to Dr. Hanemann so that there would be no danger of 
post-mortem changes spoiling his examination. 
One dog (tissues) out of the total 80 animals have not been shipped 
Two cats ( " ) alive 
Three rats arrived dead due to excessive number in one box. Their 
pathology was not materially upset, however. 
We are greatly indebted to Dr. Gilman and Dr. Mount for free 
examination, certification and rabies innoculation of our dogs, necessary 
for entrance into the State of Wisconsin. 
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Very quickly it became apparent that our animal experiments 
contained an error, experimental in nature, but probably impractical 
to overcome. Namely, oral ingestion of the applied ointments. 
Animals housed together -- rats, rabbits and dogs rub against 
each other and thus get contaminated in nlickable" areas. Doge 
actually lick each other. One dog had to be separated as he developed 
a taste for the ointment applied to his partner. Animals housed alone 
(cats) cannot directly lick the back of their necks or heads, but can 
still (and do) scratch and wash themselves and then lick the ointment 
off of their paws. Rabbits and rats especially huddle together, and 
separate housing was not economically possible. Muzzles are only useful 
as a temporary expedient and so far bandages have not been. applied with 
ingenuity and persistance greater than that used for their removal. 
Daily cleansing of the cages and weekly washing of the dogs did 
not materially diminish the "accidental" type of ingestion. However, 
it is obvious that if this were not done, eventually the entire local 
environment would be covered with the ointment, and ingestion would be 
bound to increase. 
However, it was decided to persist with these experiments as 
originally planned since it had also became apparent that 
a. All animals ingest in the food and excrete mercury in their 
urine and feces. 
b. Absorption from the skin areas was probably of less practical 
moment than the "accidental" type of ingestion. 
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In consequence of this animals could be used to obtain data 
on whether larger amounts of mercury ingested orally produced obvious 
damage. Clearly, these experiments are less precise for this one 
purpose than daily oral dosage. We did not, however, have facilities 
for a double set of experiments and we still needed the experimental 
data derived from local applications. 
However, by using four types of animals, and by using also dif- 
ferent types of housing conditions, we believed that in the long run 
a sufficient amount of data would be available, not only to give us 
information on the extent of local skin injury, but also on the question 
of general poisoning. Moreover, it was becoming steadily clearer that 
mercury poisoning does not normally occur from tiny repeated doses (or 
we should all have it), but requires definitely larger doses, or possibly 
very special conditions, and we were anxious to obtain some idea of this 
figure. have confirmed our belief, originally expressed to the 
E. P. R. I. that in this figure lies the key to many of the problems 
associated with the practical use of mercury as well as other similar 
poisons. 
Since the animal work had lost a certain degree of precision, 
we felt it very advisable to repeat the essential skin absorption studies 
under more exact conditions. This has been carried out on normal humans, 
with results so clearly established that we have no hesitation in express- 
ing our opinion that from the healthy human skin absorption of mercury 
from white precipitate ointment is trivial and harmless. This also agrees 
with the absence of observed local lesions in animals, who have been sub- 
jected to longer periods of experimentation. 
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We are still faced with the problem of damaged skin and a study 
of the literature suggests clearly enough that gross and extensive 
damage with corresponding extensive application of white precipitate 
is dangerous. Such cases, however, all necessitate skilled medical care 
and are to be considered the theoretical and outside extreme of our con- 
siderations, and completely outside the sphere of operation of cosmetics. 
However, between the safe normal and the very badly damaged unsafe 
lies a wide series of irritations varying in degree, and type, and some 
of the milder types can almost certainly be considered of practical impor- 
tance to cosmetic manufacturers, since while they may advocate and even 
insist against the use of their preparations on such skins, the public 
having used a 19harmlessP° preparation for years, may disregard such advices. 
Moreover, the present insistence by Federal Authorities that all substances 
having theoretically dangerous properties must bear warning labels will 
aggravate this situation, especially as it seems by no means unlikely that 
the constant use of warnin -s may eventually defeat its purpose, and lead 
the too accustomed public to disregard those labels appearing in the same 
form on practically dangerous materials. 
However, it is advisable for the External Products Research Institute 
to know whether the use of a harmless material on the healthy skin may 
become harmful on irritated skins on which their products may become used 
With this in mind we have completed arrangements for the study of 
the absorption of 10% white precipitate ointment from human skin subject 
to quartz lamp illumination. The results of these experiments (six cases) 
will not be available for six weeks. 
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OTHF,R SIUDIES 
In order to obtain further data, and attempt to bridge gaps 
existing between that available, we have arranged for X -Ray bone studies 
to be conducted on 
(a) Persons subject to mercurial ointments for varying periods of 
time. 
(b) Same of our experimental animals (rats and rabbits) were 
chosen because these were all young animals at the start of the work and 
would therefore be more likely to show changes occasioned by drugs, ill - 
nourishment or disease. 
The interim report of Dr. Cash King, who conducted these studies, 
has already been forwarded. It is negative for harmful findings, but 
contains the information that the ten per cent rabbits appeared to have 
better bone growth than either the normals or the u per cent. 
The remainder of the rats and rabbits will be X- Rayed, at the 
termination of the experiment but it is suspected that apart from some 
unexpected, individual reaction the majority will show no material changes 
for the animals have now reached bone maturity and the analyses of the 
mercury in the bones of rats treated for six months shows this to be not 




Mercury Content in Foods 
Table I shows an analysis of thirty -two foods. With the 
exception of fresh vegetables, salty crackers, and fresh eggs, all 
others contain a small amount of mercury. The total amount daily 
which may be ingested in the order of from five to twenty gamma per 
day. 
Animals will ingest variable amounts according to their diet, 
herbivorous animals, eating fresh food probably receiving less than 
animals on a carnivorous or even a mixed diet. However, studies on 
the tissues of animals show these always to contain appreciable amounts 
of mercury. Our own preliminary studies on hnmrn tissues already support 
this finding, which has already been stated in the literature. 
These findings establish beyond further reasonable doubt the fact 
that the absorption of amounts of mercury is an inevitable concomitant 
of ordinary daily life, and the presence of small amounts in the excreta 
or tissues, themselves has therefore no toxicological significance. 
In this connection it is interesting to note that one author suggests on 
the basis of his own findings that the presence of mercury being so 





Absorption and Excretion 
Material: Healthy male white students. 
Experimental Procedure: l00 terams of ointment is applied by gentle 
rubbing to the flexor surface of the left forearm. (This 
amount is enough to Dover the entire inner surface includ- 
ing the elbow flexure). The applications are made daily 
except on Sunday. A total of twenty -four are given. 
Excreta: (1) An entire twenty -four hour specimen 
(a) Urine 
(b) Feces 
is collected prior to the start of the experiment. 
Thereafter two such twenty -four specimens are collected 
weekly, (eight experimental) and one following the 
completion of the experiments, one or two weeks later. 
Nine such experiments have been fully completed using 1 white 
precipitate ointment as the application. A further six have been 
nearly completed with 2% white ointment= and these show the same type 
of results although a preliminary examination suggests a slightly 
lower average excretion. The summary of these results are attached. 
(Table II) 
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No. Initial Min. Max. Final 
Av. 
daily Initial Min. Max. Final 
Av 
pally Total 
1. 12.1 0.3 12.8 12.8 5.8 7.2 1.9 26.0 11.6 11.3 17.1 
2. 1.2 1.2 '13.3 13.3 5.5 lost 5.7 66.1 23.0 25.2 30.7 
3. 2.0 1.1 13.1 12.6 5.5 2.0 1.1 45.5 39.1 18.2 23.7 
72.4 76.7 Oct. 
cor.* cor. 
4. 0.6 0.6 16.1 16.1 4.3 2.9 2.9 265.1* 123.2 73.5 27.8 
71.6 
cor. 75.4 Oct. 
6. 2.1 0.2 14.6 6.8 3.8 2.4 2.4 34.8* 51.2 38.0 41.8 
Oct. 
48.3 53.3 Oct. 
8. 0.9 0.7 12.4 7.8 5.0 166.4 0.3 166.4 13.9 31.5* 36.5 * 
without 
9. 9.7 0.2 16.4 7.7 7.9 14.1 5.0 131.6 39.8 44.4 52.3 corrarda 
LO. 14.5 2.8 19.8 13.5 8.7 4.3 4.3 49.4 30.1 19.6 28.3 
Oct. 
382.0 394.7 
11. 25.6 0.1 33.0 16.6 16.1 21.9 8.0 317.8 12.3 28.4(cor) 44.5 Cor. 
AV. 6.9 Except #11 not corrected 36.7 43.6 
corrected 26.6 33.5 
34.5 42.1 
Initial average 7.6 corrected 10.0 17.6 
* Case 4 Cor. - corrected 
* 
" 
8 Except Initial sample 
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HUMAN RESULTS 
(1) Control twenty -four hour specimens of fifteen cases. 
Av. Urine 7.6 gamma (Total) 
Feces 34.5 " (Total) 
(Corrected s 10.0 
Total Actual 42.1 
Corrected Total (Probable) 17.6 
Maximum) Variation Urine 25.9 Feces 2.4 
) 
Minimum) 0.6 197.39 
HUMAN RESULTS 
Average of control twenty -four hour specimena (all) 
Urine 7.6 Av. daily output 42.1 
Feces 34.5 
Average of Feces( eliminating the two very high figures 
which are definitely beyond the normal 
as indicated by the urine excretion 
which is low. This also suggests a 
short period of ingestion.) 
Corrected Feces 10.0 
Total Av. (Feces and urine) 17.6 
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HUMAN RESULTS 
Two cases showed very high initial faecal excreta, one 
moderately so. 
One of these can be coupled with dental treatment. This also 
occurred in two cases during the experiment. Investigation of these 
showed one to be associated with the dusting of a small oral ulcer 
with a 50% calomel, 50% zinc powder. The second with the removal of an 
amalgam filling. The cause of one initially high case and one moderately 
so, could not be accounted for with certainty. 




- -- FIFTEEN CASES 
1. 12.1 7.2 
2. 1.2 Lost 
3. 2.0 2.0 
4. 0.6 2.9 No. 5 was discarded owing to failure to obey 
experimental directions. 
6. 2.1 2.4 
No. 7 was an analysis on mercurochrome poison - 
8. 0.9 166.4 * tag and is not in the series. 
9. 9.7 14.1 
10. 14.5 4.3 
11. 25.6 21.9 
12. 0.92 197.4* * not accounted for 
13. 0.5 48.76 
14. 66.2 3.7 
15. 13.8 4.8 
16. 12.5 3.0 
17. 7.6 4.7 
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From these results we may adduce that about 20 gamma per day 
(17.6 total excretion of mercury commonly occurs, and this figure is 
in the same order as that suggested by the ordinary food consumption. 
However, factors are operating, some known and ascertainable, others 
yet undiscovered, which may raise this figure very considerably, and 
suggest that from time to time a much larger ingestion of mercury may 
occur under ordinary civilized conditions. 
As mercury and its products are very widely spread, this situation 
is neither surprising nor unexpected. We have ascertained in our fifteen 
cases three separate sources of ingestion. Polishing or the removal of 
amalgam fillings (case 11); the dusting of a small apthae ulcer with a 
powder of equal parts, calomel and zinc oxide (case 4) while under dental 
treatment; 3 further cases in the new series due to tasting of a drug 
(calomel) in the museum. Filling or removal of dental fillings is a com- 
mon temporary source of ingestion which compared to the average food in- 
gestion is very heavy, 
A study of the figures show that excluding only the excess excre- 
tion in Case 11, which occurred during the middle of the experiment, we 
find the uncorrected figures for the total excretion calculated as gamma 
per day equals 43.6, while similarly uncorrected figures for the normal 
excretion (that prior to the start of the experiment) is 42.1 gamma. 
Making as near a correction as seems reasonable, taking into considera- 
tion our available facts we find that the average normal is in the order 
of 17.6, while that under treatment is 33.5, a difference of 15.9 gamma. 
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The application of 10% ointment, therefore, at best has 
resulted in the absorption of 16 gamma daily or 480 gamma for the 
entire month, and we cannot be even sure this small aa ount represents 
true absorption since the left arm is in a distinctly messy state for 
several hours after treatment and accidental ingestion cannot be 
entirely ruled out. However-, assuming that this actually represents 
nothing but absorption we are faced with the trivial figure of 1/2 mg. 
or 1/120 grain as the total for a month. Since 24 grans of 10% oint- 
ment represents 2.4 grams of Hg NH2Cl, which equals 1.9 grams of metallic 
mercury, we may conclude that at most 1:3800 has been absorbed.. By can - 
parison it may be remarked that a single tablet of calomel of standard 
dose (grain 1) would supply enough mercury for(Hg2C12 236.07 = 48 mgs Hg) 
practically one hundred months at this rate of excretion. 
The final possibility that mercury is really being absorbed and 
stored in large .mounts can be practically disregarded. Storage has cer- 
tainly some relationship to general excretion. Moreover, it is generally 
true that other things being equal, the larger the dose the less efficiently 
it is utilized. It would be most unlikely to find a marked relative 
increase of storage with a large ingestions and contrary to the finding 
with other heavy metals. That a slight increase of storage may take place 











Several cases of mild rash occurred in these experiments. 
Slight papular rash ten days after start; lasted three days 
and disappeared not to return. 
Very slight evanescent rash. second day; lasted eleven hours, 
except very slight rash at flexure. States skin always sensi- 
tive, however the case was a quite marked one of dermographia. 
The flexure rash lasted one week and disappeared, not to return, 
Slight papular rash said to have appeared on second dar was not 
present on third day. On fifth day reported transient rash. 
Base alone was applied to right arm and next day both showed a 
faint reddening. The effect passed off completely and no further 
rashes appeared. 
Very slight evanescent rash reported on fifth day. This had faded 
in left arm. This case used base on right arm and showed a similar 
phenomenum. 
Slight erythematous rash on seventh day, clear on eighth. No 
further report and on seventeenth there were no signs of any rash 
nor did any appear later.. 
Very slight rash third day,. Fifth day only a trace. Base caused 




Very slight rash reported in flexure on third night; not present 
fourth day. Neither base on the right arm nor continued treat- 
ment produced any further effects. 
Case 14 (2%) 
An evanescent twelve hour rash reported on twelfth day; not visible 
on thirteenth day. 
Eight out of sixteen cases showed a slight and very transient 
rash under the treated area. This was reproduced in two out of three 
trials by the base alone applied to the other arm. In only one case 
was it really obvious (case 8) and this only lasted (under continued 
treatment) a few days. While only one out of six of the 2% experiments 
showed any rash, we must consider that the weather is much cooler during 
this period and sweating therefore did not occur as with our first series. 
Whether the mercury content, or merely the different physical consistency 
of the two ointments may play a part in the production of these slight 
irritations has not been ascertained. In view of the fact that base alone 
caused similar reactions, the reactions are less common in cold weather 
and they are of such transient character we are not inclined to regard 
than as evidence of genuine mercurial irritation. In any case all were 
trivial in extent or duration. 
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Having no means available to estimate changes in skin color 
accurately no attempt s were made to do this. In one case, however, 
the lightening of the skin of the treated, area was quite apparent 
and was checked by three students who were unaware of the experiments 
in progress. This was Case 3, who curiously enough is a blonde with 
an already very fairs sensitive skin. 
Conclusions: 
Mild transient erythema and papular rashes are commonly produced 
by applying ointments to the skin. They occur much more frequently if 
sweating conditions exist. They are not dependent on the presence of 
mercury in the ointment` 
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Animal Results 
(1) Four different species are being used in order to reduce 
special species factor. This has recently proven to be of the 
very highest importance as will be later discussed. 
(2) Different housing conditions were originally used for each 
group, as follows: 
1st Rats 
Dogs 
Three months Cats 
Period Rabbits 
6 in Cage 
2 n n 
1 n it 
6 n n 
2nd Rats 6 in Cage 
Three Months 3 n n 
Period Dogs 2 Some Single 
Cats Free except when collecting excreta 
Rabbits 6 in Cage 
3rd Rats 6 in Cage 
Three Months Dogs 1 n n 
Period Cats free except when collecting excreta 
Rabbits 3 in Cage 
4th Period Rats 3 in Cage 
Will Be Dogs 1 it n 
Cats free except when collecting excreta 
Rabbits 3 in Cage 
Controls: Separate -- except rabbits 
Some data is thus made available concerning the effects of 
physical contact which Was necessary as housing facilities did not 
permit separation of all animals. 
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ANIiAL RESULTS 
Ointment applications were made daily except Sundays and a fevr 
public holidays. (See page 3) 
It is apparent that animals kept in confinement will inevitably 
become somewhat dirtied by-the ointment unless this be absorbed at 
once. (Which does not occur.) These experiments cannot have, there- 
fore, the precision of injected, or even orally administered drugs. 
However-, they do represent more closely the conditions of practical 
human user with all the factors of accidental ingestion markedly 
aggravated. As all animals clean themselves by licking and scratch- 
ing, and licking their paws, a lot of oral ingestion takes place. 
Moreover, one dog had to be separated from her companion as she developed 
a taste for the ointment and immediately licked it off her neighbor, 
The amount so absorbed cannot be estimated. However, as it was 
imperative to obtain data on the local effects, and we felt that when 
all the results were pooled and examined we should have probably 
sufficient data on which we could develop some measurement of the 
extent of ingestion, these experiments have been thus continued in the 
form originally devised. 
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Results: Local Effects 
At the end of the six months period we have applied: 
1st Three Months Period 
18 Dogs 1296 
8 Rabbits 576 
10 Cats 720 














2nd Three Months 
14 Dogs 1018 " 100 " " 
8 Rabbits 576 " 40 " n 
8 Cats 576 " 40 " " 
55 Rats 3960 n 40 " " 
85 6130 
1st Six Months 11,324 Applicatim s of mercurial ointments 
Controls: 
Base Only 
2 Dogs 144 
4 Rabbits 288 
2 Cats 144 
6 Rats 432 
1144- Applications 
* All doses represent a minimum, but are not exact. 
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Animal Resultst Local Effects 
We have no experience of more than 11324 mercurial applica- 
tions of ointment to animals over a period of six months. During 
this time we have not observed any' material local effects. There 
is no reddening nor other changos suggestive of inflammatory reactions, 
The hair continues to grow well and normally in all animals. We noted 
at one time that the male rats treated with white precipitate required 
an occasional extra hair cut as compared with the controls. Since 
reaching full maturity this possible difference has disappeared. 
Probably this observation is to be associated with the general rate 
of growth rather than some specific local effect as it is reasonable 
to suppose otherwise it would be noted in female and adult animals, 
(Males grow more rapidly) Alternatively if such an effect be of irri- 
tative nature prolonged use of the drug would be most reasonably 
expected to produce eventual damage. As only one animal so far is 
reported by microscopical examination to have any local changes (a rat) 
and as the rats are else subject to four known physically irritating 
agencies, (I) rubbing: (2) hair -clipping; (with occasional slight damage) 
(3) rubbing while getting food out of the food cages: (4) IILLtia, 
this case of slight damage would require confirmation before being 
acceptable as evidence of mercurial irritation. 
These results also strongly suggest that mercury is not being 
absorbed to any considerable extent from such skin sites, or at any 
rate below a concentration. level necessary to produce local damage, 
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Since the actual area involved is small (as compared to large 
physiological areas like the gut or lungs) such a conclusion would 
legitimately lead to a further conclusion, namely, that general poisoning 
from such skin absorption is most unlikely to ensue unless, (a) 
some internal tissue be very highly susceptible to mercury since 
other things being equal the local concentrations will be much the 
highest obtainable because the absorbed mercury will be rapidly trans- 
ferred away by the blood. (If it travels by lymph it must reach the 
blood finally before being distributed to the tissues.) (b) That tiny 
continuous absorption of mercury is fixed by some cells to reach even- 
tually effective concentration. 
This latter hypothesis can be now quite definitely ruled out for 
all of the animals normally ingest mercury in their food, and direct 
chemical analysis shows no marked concentration in any fixed tissues, 
resulting from such small amounts, Moreover, such a hypothesis would 
assume that none of the absorbed metal is excreted when in actual fact 
this is a continuous process in all normal animals. 
The only remaining possibility is that the skin tissues including 
the growing hair roots and the underlying vessels are all most exceptionally 
resistant to the action of the mercury, for which little or no 
justification exists. 
We may, therefore, safely conclude that daily application, for six 
months of ointments containing up to 10% white precipitate with or 
without Zinc or Bismuth, and also made of 5 or 10% Red Oxide of mercury 
not only do not cause any measurable damage to the skins of rats, rabbits; 
cats and dogs, but are also not absorbed therefrom in any significant 
amounts. 
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Animal Results General Effects Weight (Dogs) 
With one exception. ( Control - Brindle) all dogs were full 
grown on arrival. Weekly weighings have shown fluctuations from time 
to time varying with known ( weather, worms and eczema) and unknown 
causes. All animals have received two treatments for worms during 
this time. One (Brindles No 8) was very heavily infected and also 
had very severe general eczema (getting better). Pinkie, No. 3, also 
had very marked red eczema now cured, Brindle, Control, No. 1 had 
severe persistant eczema, now cured. ( We found the best treatment for 
eczema is the use of sulphur -containing cutting fluid. (Engineers' 
Material). Grumpy, No. 9, was an old dog who became acutely ill, lost 
weight, was dewormed,, and was finally sent away for pathology. Other- 
wise the dogs (except Pinkies No. 3, white) are now in as good condition 
as confinement will. permit. Nine have gained weight. Ten have lost, 
one is stationary. Excluding the marked gain of one control by growth 
and the slight loss of the other, there is practically-no change in the 
total weights of the animals (e. g, 7 304 - 7.) 
Control 
Start 6th change 
Cage No. lbs. 
1 (11 - 17 3/4 f 6 3/4 
(13 3/4 - 13 - 3/4 
2 ( 11 
- 
13 f 2 
( 9 11 4. 1273/4 -l4#s2 
3 (10 3/4 ® 142 t 3= 
(101 - 12 f 4 
4 (11 - 101 - 3/4 















Start 6th Mo. 
72,- - 7 3/4 
9 - 102 
9`2 - 10 
122 - 114 
14 3/4 - 15 
103/4-8 3 / 4 
12 - 11 
10i -10-F 
121- 6 12 
14 - 134 
12 3/4 - 14Q 
10 2 - 9 3/4 
Change 
& 
t 1z 2r; 
#° 
- 14 






f 1 3/4 




The six month figures might suggest that the 10% treatment, red 
or white, is leading to some real weight loss. However, the actual loss 
is still small and the dogs now remaining ( e. g, Nos. 7 (2) t 1 3/4 lbs., 
No. 8 (1) t 1 lbs. No. 10 - 2 lb.) show three regaining weight (2 3/4) 
and the other having lost 2 lb. (all recently dewormed.) As fluctua- 
tions of one -half to one pound from week to week are common we are not 
inclined to consider these figures as markedly significant and certainly 
not conclusive, but may be considered mildly suggestive. 
The dogs (except Pinkie) apart from occasional upsets, worms and 
eczema and Wien housed in pairs, jealousy and interference in the weaker 
getting her food, have done about as well as we could reasonably expect. 
Only occasionally lately they have been outside, and their exercise is 
limited to sane thirty minutes per day in the animal house, However, they 
are still very lively and excessively noisy. 
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"Pinkie" developed a very marked case of red eczema and was 
treated for a number of weeks before this became under control. 
Her hair then returned and she put on considerable weight. However, 
she was never very lively and has definitely developed marked weak- 
ness in her limbs. Mich may be mercurial neuritis). This animal 
never was good experimental material, but we were interested to retain 
her as an experiment of an animal treated while under severe conditions 
of physical upset and strain. Brindle (No. 7, 10%) also gave us 
this opportunity, and Black, No. 6, was treated during pregnancy and two 
weeks lactation, She is now her original weight, 
Weight Effects -- Conclusions (Dogs) 
(1) Extraneous factors play such a major role in the weights 
of dogs kept in cates that only continued and serious differences can 
be considered significant. 
(12) The dogs under experiment have not suffered serious permanent 
loss of weight. 
(3) The application of mercurial ointment has not produced my 
obvious signs of ill- nutrition in dogs. 
Page 27 
Weight Effects CATS 
Start Now Condition 
Base Only No 1 Control 7 lbs. 62 lbs. fine 
died in 3 months. 




3 month expr. good condition 
fine - 6 months experiment 
good - 6 months experiment 
lost z lb. first 2 weeks in 
July 1939. is ganinF gat. 
fair -6 months experiment 
excellent 
No. 2 t0 6 ®3/4 3 ®3/4 
4g 2 /10 
No. 3 4/ 4/ 
No. 4 4/ 4/3 
No. 5 5/4 5/7 
No. 6 4/ 4/9 
No. 7 4/3 4/14 
Nom 8 4/8 4/4 
No. 9 7/ 6/1 
No.10 4/3/4 3/13 
No.11 4/ 4/ 
No.12 5/ 62 
Of the experimental animals two out of ten lost weight; 
one control lost weight. Two controls died. (One animal under mercury 
also died with a similar condition during early days of treatment and 
was replaced.) 
The cats all did exceedingly poorly during the hot summer 
months. By allowing them free use of the cage roam, and only 
confining them in the cages during collection of feces and uring, they 
have recovered their normal weights and during the winter have maintained 
a very level condition. They now appear perfectly normal cats. 
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It must be pointed out that dogs and cats are both of 
the stray variety and of completely-unknown ancestry and medical 
history. Both take considerable care in haa.dling, and cats especially 
do very poorly when confined to cages (they finally cease eating). The 
results in this small colony show that serious ill -nutrition has not 
been caused by the treatment 
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Animal Result Weight and Growth 
RABBITS 
Twelve three and one -half month Chinchilla males all from the 
same stock were used. They were housed in. two large (dog) cages, six to 
the cage. Each cage contained two controls and four treated animals. 
( i. e. four treated with 2jß white and four with 10% white). We 
hoped by this arrangement to obtain data on the accidental type of 
contact. This hope has been partly frustrated by the curious habits 
of the animals discussed under absorption and excretion. 




Control 21. (1- 1030) 3064) 
(2- 1000) 2812) 
) 4280 ) 11,550 = 7270 
Control 10% (3- 1075) 2837) 
(4- 1175) 2837) 
2% (5- 1135) 2682) 
(6- 1170) 4180 2612) 10,917 6767 - 533 
(7- 950) 2961) 
(8- 925) 2662) 
106 ( 9- 980) 2837) 
(10- 900) 3975 2724) 11,235 - 7250 - 25 
(11- 870) 2837) 
(12- 1225) 2837) 
One control rabbit died in three weeks and was replaced by one 
of similar weight and age. Ate the rabbits matured we had considerable 
trouble with them as they fight exceedingly fiercely, in consequence of 
which there is now commonly at least one injured rabbit (ear or testi- 
cular injury) housed in a separate cage. 
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NUTRITION - -- RATS 
The following table is an abridged summary of the results on 
rats. From it will be noted the following facts: 
(a) Male rats grow faster and achieve a greater weight than 
females. 
(b) All of the cages of six animals show considerable growth. 
(e) Averaging our male weights at 309 grams (this is slightly 
higher than the published Wistar figures and also of our 
controls which we may safely assume can include cages 5 & 6) 
and our females at 200 grams (approximately the same as the 
standard Wistar) we find that there is in general an excel- 
lent agreement between a theoretically calculated or expected 
gains and that actually observed. 
The total expected gain in weight in all animals is 1151 and 
that found is 1013. However, cages ll, 12, and 19, are quite 
definitely not yet full grown at this time and if allowance 
be made for this fact and the difference be added to the 
resultant figure, (which is 142 grams) the difference now 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nutrition and Growth 
Furthermore, we have after study of all these figures, 
used as an average weight the entire colony which actually puts to 
some disadvantage the male treated animals. (The females run extra- 
ordinarily close, namely 695 grams theoretical gain as against 594 
actual). Moreover, the figures now (Feb. 19th) existing for Cage 12 
(1846 ) 307 Av. which was of the same aged stock as Cage 11 show we 
6 
are entitled to this assumption. 
It should be remembered that these animals are also subject to 
disease especially worms and cysts in the liver (almost constant) and 
a chronic type of respiratory disturbance (snuffles), and that one 
animal in a cage may materially lower the general average. (Illustrated 
on Cage 19 at this time. E. g. 300, 302, 330, 176). We have been on the 
whole remarkably fortunate with our colony, having lost but nine animals 
all told. Three by accidental suffocation while tied in a frame for 
X- Raying; Three by overcrowding in transit to Dr. Hansetann; Three only 
by disease. These latter three have such undoubted gross pathology of 
the respiratory system as to render opinion as to the cause of death 
certain. 
From these figures we may conclude with very considerable assur- 
ance that the application of the various ointments to these animals has 
neither impaired their rate of growth nor their general nutrition. This 
conclusion is supported by a comparison of the weekly growth curves with 
those published for normal animals by the Wistar Institute, wherefrom 
the stock originates. 
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Moreover, four cages of these animals ( 5, 6, 7 & 8) have 
received 10 gamma for three months, followed by 20 gamma for three 
months of mercury in the form of corrosive sublimate given daily by 
stomach tube. 









148 ) 142 
6 79) 60) 
7 Female 28) 34) 
) 45 ) 35 
8 " 17) 1 ) 
Which shows that small doses of this drug to rats is also harm- 
less as measured by their rate of growth and nutrition. 
The latter dose would correspond to 6000 gamma or 6 milligrams 
of metallic mercury for one -sixth of a 165 lb, man's life. (e, g, about 
twelve years), This dose is about one -half that daily administered for 
therapeutic p-arposes. 
We may, therefore, also conclude that small doses of' mercury in 
the form of a soluble salt, estimated to be twenty times their normal 
food ingestion, are also harmless. This conclusion is supported by the 
negative microscopic pathological exanination of the tissues, 
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ABSORPTION AND EKCtRETION OF MERCURY -- DOGS 
For approximately the first three months an attempt was made 
to collect the entire excreta, aliquot portions of which were analyzed 
twice weekly. Undoubtedly a certain, and not controllable amount, was 
lost, especially during the exercise periods. We, therefore, substitu- 
ted twenty -four hour total specimens where this error is somewhat 
reduced. However, at this time, we doubled the application mount of 
mercury so that the higher figures obtained with the twenty -four hour 
specimens probably reflect this additional treatment more importantly than 
the accidental loss of excreta. 
The control animals, and also the animals under control periods, 
excrete an amount of mercury over and above that known to be present in 
the food (11 gamma per day). The exact source of this additional amount 
has not been discovered. It is variable, and may be partly due to 
accidental contamination during exercise periods, and handling. However, 
analysis of various animal organs of animals brought into the laboratory 
for immediate class use shows occasionally a high mercury content, indicating 
an unknown source of ingestion in ordinary life also. (Garbage eating 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































All figures are average gemma per dog 
Cage # Dogs Act. Av. Act. Av. Total Urine 





1 2 1.1 9.1 10.2 6.1 16.4 22.5 
2 2 1.3 10.5 11.8 
3 2 7.7 13.7 21.4 
4 2 3.2 10.6 13.8 
5 2 2.6 20.9 23.5 
6 2 7.5 14.7 23.2 
(6 23.4 79.5 103.9 
3.9 .3 17.6 6.4 22.5 
2/ White 
2 5.5 38.0 43.5 34.4 73.0 107.0 
3 5.0 45.0 50.3 12.4 62.2 74.6 
4 6.3 46.3 52.6 18.4 64.5 82.9 
3) 6.8 29.3 46.4 .5.2 9 . 64. 
5.6 43.1 48.8 21.7 66.6 88.2 
Control 
3.9 13.3 17.6 6.1 16.4 22.5 
Gain 1.5 29.8 31.2 15.6 50.2 65.7 
5% White 
5 8.4 73.4 81.8 6.1 47.0 53.1 
6 11.7 96.5 107.2 19.5 105.5 123.0 
2)20.1 169.9 189.0 25.6 32.5 178.1 
10.0 84.9 94.5 12.8 76.3 89.1 
Control 
3.9 13.3 17.6 6.1 16.4 22.5 
Gain 6.1 71.6 76.9 6.7 59.9 66.6 
3 months (Act.) 
3 








Cage # Urine 
Actual 
Feces 
Average Excretion Dog Day Ganma 
24 Hour 
Total Urine Feces Total 
10%-White -- 
7 19.7 51.7 71.4 26.2 114.0 140.2 
8 18.8 63.7 82.5 57.1 140.8 197.9 
9 26.7 110.2 136.9 53.2 215.4 268.6 
3 )65.2 225.6 290.8 136.5 470.2 606.7 
Total 21.7 75.2 96.9 45.5 156.7 202.2 
Control 3.9 13.3 17.6 6.1 16.4 22.5 
Av. Gain 17.8 61.9 79.3 39.4 160.3 179.7 
Per Day 
10f Red -- 
Total 28.3 164.3 192.6 42.6 140.1 182.7 
2 Months 
Control 3.9 13.3 17.6 6.1 16.4 22.5 
Av. Gain 24.4 151.0 175.0 36.5 123.7 160.2 
4 Months 
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Effect of Experiment on Excretion 
Actual 
Urine Feces Total 
24 Hour 
Specimens 
rine Feces Total 
Control 
3.9 13.3 17.6 6.1 16.4 22.5 
2p Act. 5.6 43.1 48.8 21.7 66.6 88.2 
Gain 1.5 29.8 31.2 15.6 50.2 65.7 
5% Act. 10.0 84.9 94.5 12.8 76.3 89.1 
Gain 6.1 71.6 76.9 6.7 59.9 66.6 
10% Act. 21.7 75.2 96.9 45.5 156.7 202.2 
Gain 17.8 61.9 79.3 39.4 160.3 179.7 
10% Act. 28.3 164.3 192.6 42.6 140.1 182.7 
Red Gain 24.4 151.0 175.4 36.5 123.7 160.2 
Calculated Total Excretion of Milligrams of Mercury for Six Months (180 Day 
Control Act. 0.702 2.394 3.096 1.098 2.952 4.050 
25 W Act. 1.008 7.758 8.766 3.906 11.988 15.894 
Gain 0.276 5.364 8.640 2.808 9,036 11,844 
5% W Act. 1.800 15.222 17.022 2.304 13.734 16.038 
Gain 1.098 12.828 13.926 1.206 10.782 11.988 
10% W Act. 3.906 13.536 17.442 8.190 28.206 36.396 
Gain 3.204 11.142 14.346 7.092 25.754 32.346 
Act. 5.094 29.574 34.688 7.668 25.218 32.886 
10% Red Gain 4 4.392 27.180 31.572 6.570 22.266 28.836 
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Absorption and Excretion of Mercury -- Cats 
Owing to the limitations of our analytical plant it was not possible 
to carry out repeat experiments on cats as with dogs. They were, therefore, 
placed in two groups. Namely, 2% White and 10% White. Weekly analyses 
were made on the pooled twenty -four hour excreta specimens. 
The following are the results obtaineds 
Average Daily Total Hg 
No. of No. of Output Mgs. per Cat 
Treatment Days Cats Urine Feces Total Urine Feces Total 
2f White 
85 5 4.9 26.4 31.3 0.42 2.20 








1.29 5.93 7.20 
1CYá White 
105 5 28.1 77.0 105.1 
45 4 51.0 219.0 270.0 
33 3 28.0 140.0 168.0 
183 
Total Mgs. 














CONCENTRATION OF MERCURY IN URINE 
No. of Av. Urine No. of Total Hg Av 
Doffs cc Dog Dey Days Excreted Concen- 
tration 
-- DOGS 






1 ) Base 2 220 90 0.35 1z56mi1* 90 0.5 1 :40 Millior 




) 5% 4 133 " 0.9 1:13.3" 90 2.1 1:5.7 " 
6 ) 
7 ) 
8 ) 10% W 6 282 " 2.0 1:12.7" " 4.0 1:6.3 " 
9 ) 
10 ) 10% Red 2 154 " 2.5 1 :5.5" " 3.8 1 :3.6 " 
Cage Treatment 
AVERAGE CONCENTRATION OF MERCURY IN URINE 
No. of Av.Urine No. of Total Hg 
Cats cc Dogs Excreted 





5 ) 57.3 85 0.42 1 :10 million 1st Period 
5 ) ) 
6 ) 
4 ) " 98 0.87 1 :6.4 " 2nd " 
7 ) 












3 ) " 33 0.92 1 :2.0 3rd 
n 
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ABSORPTION AND EXCRETION OF MERCURY - -- RABBITS 
24 Hour Specimens at Weekly Intervals 
Cage 1 - 4 x White - 2 Controls 
Cage 2 - 4 x 10% White- 2 Controls 







for 179 Days 
Control Excretion 




Cage 1 Cage 2 
33.4 109.3 
6.0 mgs. 19.6 mgs. 
1.3 mgs. 
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ABSORPTION AND EXCRETION OF MERCURY -- RATS 
The feces were collected for twenty -four hours periods at 
weekly intervals. 
Cage 2 - Base 
Cage 5- Hg per os. 
10 Gemma for 67 -8 days 59 

































63 6 3.2 0.1 55 6 23.0 1.26 55 6 73.3 4.03 
22 5 6.3 0.14 14 5 10.0 0.14 14 5 198.0 2.27 
28 4 6.3 0.17 9 4 5.0 0.045 9 4 108.1 0.97 
50 3 12.0 0.6 40 3 8.2 0.37 28 3 153.0 3.52 
Av. 
27.8 new cage 
50 6 15.3 0.76 
new cage 
62 6 91.5 5.67 77.0 
168 1.0 168 2.57 168 16.46 
Known given 
per os. 2.15 
Food 1.0 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MERCURY CONTENT OF TISSUES -- GAiMA. PER /100 GRAMS 
RATS -- THREE MONTHS 
Time 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

























9 9 9 11 11 11 




10j- w 5%w 55 w 5% W 
Skin & 
Hair 27.6 135.0 9.7 9.5 55,6 7.5 - 72.4 17.7 26.2 43.3 1.7 679.0 226.0 136.0 47.2 
Intestine 
&Contents 31.2 3.24 34.3 0.0 224.0 ;29.5 422.0 31.2 17.2 171.0 94.6 33.1 62.3 - 214.0 332.0 168.0 7.3 I 337.0 - 
Viscera 7.5 11.3 13.5 36.2 49.6 0.1 53.7 0.5 22.1 31.0 18.3 27.4 25.7 5.7 231.0 462.0 407.0 249.0 308.0 190.0 
Muscle 11.4 9.9 3.9 8.1 5.1 3.0 - - 0.0 27.0 - 0.0 10.3 1.2 62.0 33.0 27.0 20.8 39.1 7.4 
Bone 8.7 7.2 2.9 9.5 6.7 2.9 - 15.6 3.0 9.2 3.6 7.3 5.0 1.4 0.0? 42.2 57.9 9.7 43.8 6.6 
RATS -- SIX MONTHS 
Skin & 














128.0 255.0 124.0 22.0 192.0 
14.9 .23.8 180.0 38.7 51.4 36.2 19.1 
Intestine 
& Contents 21.3 121.0 7.1 

















44.2 '51.3 202.0 3.41 296.0 8.4 266.0 




6.6 4.5 8.9 - 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Mercury Content of Tissues 
Until this work has been completed finally a full analysis 
of our findings is neither possible nor advisable. This is especially 
true concerning any question of tissue damage since we are quite largely 
dependent on the pathological report for guidance in this regard. How- 
ever, at this time we may enumerate various questions, answers to which 
we are seeking. 
1. Do animal tissues normally contain mercury? 
The following list shows that out of 156 analyses, 148 showed mer- 
cury present. Hens' eggs are consistently negative (six results) leaving 
only two negative results for the tissues examined. One (Rat) is from 
an animal whose other tissues contain the metal and must be regarded as 
having less than an analytical quantity rather than utterly negative. The 
other (Pork Liver) was one negative result from three analyses on the same 
material and also was one of our earlier analyses. Moreover, animal and 
human urine always contains mercury, (as does cow's milk, another secretion) 
so that we may assume safely that a completely negative result on animal 
tissues, unless repeatedly confirmed is most probably erroneous. These 
results are also supported by some recent though not extensive analyses 
from abroad. 
List 
Tissue Hg - Hg - Total 
Dog Control 6 6 
2 strays 13 13 
Cats 3 Controls 22 22 
Rats 13 Controls, various 61 1 62 
Rabbits 2 " 16 16 
Food Stuffs: 
Milk 7 7 
Liver 5 1 5 
Salmon, canned 6 6 
Hamburger 3 3 
Fresh Pork 3 3 
Roast Pork 3 3 
Beef 3 3 
Eggs 6 6 
148 8 156 
49 
2. What are the "normal" amounts of mercury in animal tissues? 
This question cannot be fully answered at this time, for variations 
occur (a) between different tissues in the same animal; (b) between the 
same tissues from animals of the same batch; (c) between the same tissues 
of different animals. 
In the analysis of 19 "control" animals -- cat, dog, rat: 
Mercury Gamna/ 100 gram tissue. 
Max. Min. Av. 
Skin & Hair 346.0 2.5 60.0 
(one case 
Intestine & Content 442.0 9.2 Rat 87.5 
Trace ?) 
Viscera (Rat only, 
Liver, spleen, 
kidney, lungs) 53.7 0.1 20.5 
Liver (dog, cat) 55.8 3.4 29.9 
Kidney 24.6 4.9 13.6 
Spleen (Dog) 17.1 15.7 16.4 
Muscle 96.4 0.5 5.5 
Bone 29.7 0.1 9.5 
For special reasons the results on rabbits are omitted in this series. 
(see p. 60) The mercury content of the animal tissues does not seem to vary with 
any special species factor, but rather with the extent and duration of ingestion. 
Inspection of the results so far available suggest that certea tissue 
systems are subjected to markedly varying loads of mercury. The "intestine 
and contents" would naturally be expected to show this characteristic since 
mercury is both absorbed and excreted by this route. Both the liver and 
kidney might well be expected also to show varying amounts as these are 
both excretory routes (the liver by the bile) and the liver is also in line 
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with the, from time to time, changes in the intestinal contents. 
Marked changes such as are actually recorded in these three systems 
would suggest as the simplest explanation varying mercury ingestion in the 
intestine and corresponding (though not necessarily exactly mirrowed) 
absorption from this organ. 
However, while the skeleton and musculature and other internal tissues 
analyzed ( spleen and brain) are more constant and of a lower average con- 
tent, they also show wide variation which do not necessarily follow the vis- 
ceral content. Either, then, we are dealing with a lag phenomenon or some 
factors occasionally came into play which cause these tissues to take up 
greater quantities. 
That the highest figures recorded are amongst those animals dying from 
some disease we cannot help regarding as significant, and suggests that under 
such conditions the barrier which exists to the fixation of retention of 
mercury by healthy tissues has become impaired. Preliminary experiments are 
in progress which we hope may tend to throw light on this question. 
3. At what level is mercury damaging to the tissues? 
This question cannot be answered with any degree of precision. The 
2000 -3000 gamma per 100 grans ( e. g. 20 -30 parts per million) is the figure 
found by Sollman and co- workers for fatal humai cases. Moreover, Hotchkiss 
quoted by Topley & Wilson (p. 107) gives 28 p. p. m. as stopping growth of 
B. Coli in Peptone while growth took place at 1.25 p. p. m. under the same 
conditions. However, in serum it required 100 p. p. m. to inhibit either 
B. Coli or staphylococcus aureus. 
Between the certainly dangerous level of 100 p. p. m. and the probably 
safe 1.0 p. p. m. lies a wide range. In view of Sollmants figures, however, 
the upper limit is probably in the order of 20 p. p. m. 
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Below 1.0 p. p. m. may, failing any evidence to the contrary, be regarded 
as definitely below toxic levels. 
4. Does time play a factor in toxicity? That is, will a "safe" concen- 
tration become dangerous if endured over a long period of time 
On this point clear evidence does not exist, but it would seem rather 
unlikely considering the speed at which the poison acts when in an effec- 
tive range. Bacteriological experiments in which the time factor is studied 
do not distinguish between the concentration in the media, and in the actual 
cells, and a dilute solution may become eventually effective by reason of 
the gradual accumulation in the cells. Such a phenomemon is well known with 
regard to the effect of copper and certain water weeds. We are, however, 
dealing with the actual cellular concentration and such considerations, 
therefore, do not enter. From the studies as yet available from Dr. Hanemann 
we have the suggestion that concentrations in the order of 8 -10 p.p.m. are 
damaging, at least sometimes. Such concentrations are definitely outside the 
ranges formed in any normal animal. However, it is conceivable that a 
healthy kidney may temporarily excrete in the urine such levels without per- 
manent damage and that analysis of a kidney might by reason of contained 
urine show occasionally a high figure without the necessity of assuming 
renal damage. 
5. Does mercury accumulate in the, or any, tissues? 
This question has two answers for the results are dependent on other 
factors: (1) If the concentrations of mercury are small and the tissues 
healthy the constant ingestion of mercury may be fully balanced by its 
excretion. Under these conditions mercury does not accumulate. 
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(a) If the ingestion of mercury is heavy, the amount in the 
tissue rises, though we have not sufficient evidence to ascertain whether 
this be proportional or merely an individual reaction. However, continued 
ingestion seems eventually also to reach a balance, which conclusion is 
suggested by the fact that the six month treated rats on some occasions 
showed less mercury in the tissues than those killed et the end of three 
months. 
6. Do other factors besides the concentration of mercury available 
help to determine the tissue concentration? 
There is little doubt that certain tissues for functional or excretory 
reasons (liver and kidney) undoubtedly tend to accumulate mercury more 
readily than the fixed tissues. The fact that the skin holds the highest 
average amount of all tissues and as will be seen from table (p. 55) over 50% 
of the total mercury in the body clearly suggests that the content of the 
tissues is also determined by the type of tissue. However, mercury tends 
to form compounds with protein material, and the law concentrations in 
certain tissues (like muscle) suggest a definite barrier. Such a sugges- 
tion conveyed the idee that under certain conditions this barrier may be 
lowered, and this suggestion receives quite strong support from certain of 
the analytical results, especially in untreated animals. 
From knowledge available in regard to other metallic poisons, as is 
previously suggested, serious impairment of nutrition or functional ability 
may be associated with a lowering of this barrier, and a consequent increase 
in the mercury content of tissues. 
Unusual content of mercury in tissues, therefore, involves difficulties 
in interpretation since it may represent a heavier loading by reason of 
increased ingestion, or, alternatively, by reason of a lowering of the tissue 
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resistance. (Assuming a supply of available mercury, which, of course, 
is permissible.) Where the concentrations do not exceed a safe level 
(suggested to be in the order of 1 p.p.m.) such a finding merely indicates 
an unusual mercury supply, or that the animal is ill from some incidental 
cause independent of mercury. 
Clearly if the body stream of mercury be small, even dangerous illness 
will not raise the tissue level to an unsafe mercury level, as an elementary 
calculation shows. (e.g., assume 20 gamma per day food content all absorbed 
and none excreted. For a man of 65,000 grams to reach an average concentra- 
tion of one p.p.m. would require 3250 days.) However, should the stream 
be heavier, say 10,000 gamma per day, it is clear that fixation of the same 
level would theoretically occur five hundred times faster under the same 
conditions. (e.g., in six and one -half days) 
We may therefore form the tentative conclusions that mercury poisoning: 
(1) Depends on a sufficient amount being available for high enough 
tissue concentration to ensue 
(2) That seriously unhealthy or seriously ill- nourished animals may 
be expected to be more easily poisoned than healthy ones. 
(3) That a body stream of mercury may continue indefinitely without 
causing increased tissue concentration if the animal remains well. 
(4) That with the same body stream of the metal, ill health will raise 
the tissue levels of mercury. 
(5) An animal having a heavy, but tolerated mercurial body stream may 
become poisoned thereby should the tissues become functionally injured. 
7. How much mercury may constitute a safe body stream? (e.g., amount 
absorbed, ingested, and excreted). 
Clearly, we may safely assume that 20 gamma per day per human is 
absolutely safe since otherwise, the nation at large is in constant danger of mercurial 
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poisoning. When we examine the results on animals we find that these rats 
can also handle 20 gamma per day without visible lesions for 1/6 of their 
life span (e. g. corresponding to twelve years of human life) which corres- 
ponds to a dose of 5.2 mgs. per day. This is less than the therapeutic dose 
used in medicine and suggests the order of magnitude is fairly correct. 
However, as previously pointed out, if all this were absorbed and none excreted 
in thirteen days, an average of one p. p. m. tissue concentration would be 
achieved, and a fixation of such daily amounts would in the course of several 
months prove undoubtedly injurious. 
However, such a fixation would require a very considerable lowering 
of functional activity and the person involved would be definitely aware of 
such conditions, and most probably even seriously ill. 
However, general considerations do quite strongly suggest that contin- 
uous doses of absorbed mercury in the order of 5 mgs. daily, while probably 
perfectly well tolerated by healthy persons, are also probably tending towards 
the dangerous side of the safety barrier, and consequently might be occasionally 
responsible under some conditions for some measure of damage. 
Without attempting to tie ourself to this particular figure, we 
are nevertheless inclined to regard it es being in the right order of magnitude. 
8. Is the mercury fixed in the body sufficient to form a dangerous 
reservoir? (Such as may occur with lead) 
The following is a type calculation in which the best available figures 
were used for calculating the relative amounts of mercury in three dogs. Two 
were controls and one, "Grumpy" was treated for three and one -half months 
with 10% white sad fell ill, largely due to other causes. Some damage to 
his tissues were reported by Dr. Hanemann as suggestive of mercury poisoning. 
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(Treated with 
Total Amount of Mercury in 2 Control Dogs (Averaged) and "Grumpy "(10% White 
(for 32 Months, 
(1) Two unknown strays used in class and analysed. Average weight 12 kilo. 
Skin 
Gammaper cent 
Average for 2 
75.2 18% = 










St. 4500 grams 
= 84% of Total 
Intestine 21.6 10% = 1200.0 0.26 0.62 
Liver 43.7 3% = 360.0 0.15 0.16 
Kidney 16.5 0.6% c 72.0 0.02 0.22 
Spleen 17,1 0.7% = 84.0 0.01 0.04 
Muscle 11.9 o 5400.0 0.65 0.80 
Bone 10.7 16% 1920.0 0.20 0.03 
1 %0.07 ---Brain 11.196.0 
c 92% 
2.96 rags. 
= 92% 6.26 
= 94% 
It is clearly seen that the entire mercury present in "Grumpy" does not 
constitute even a dangerous dose, and that stored in the bones (0.03 mgs.) and 
muscle (0.80 mgs.) is a trivial quantity. We can, therefore, say with certainty 
that dangerous reservoirs are not formed with the poison. Whether the fact that 
"Grumpy" had less mercury in his bones than the controls represents a removal (as 
occurs with lead) is not known aid would require further investigation. From the 
practical standpoint, however, the absence of dangerous accumulation is clearly a matter 
of considerable importance, especially in mining, industrial and manufacturing 
conditions where serious constant ingestion may take place. 
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We may, therefore, safely concluded that mercury is not hoarded 
into dangerous deposits in the body and thus definitely differs in this 
respect from lead. The constant ingestion of small amounts well below the 
safety margin is thus probably not dangerous, and actually safer than the 
similar ingestion of lead. 
9. What relation exists between the use of cosmetics and the 
body stream of mercury? 
We have clearly shown that the total demonstrable absorption 
from the daily use of 105 white precipitate ointment at most raises the 
body stream about 16 damma per day. If all this were to remain in the body 
it would take over eleven years to raise the issue to the level of one 
p.p.ml. We may safely conclude that such use on healthy skins is absolutely 
safe provided gross oral ingestion be prevented. 
10. Is mercury safe on an unhealthy skin? 
Soliman reporting on the use of mercury (metallic) in the treat- 
ment of syphilis states that the presence of cutaneous syphilides play no 
material part in the absorption of mercury. 
It is generally assumed (though without really exact proof)that 
mercury ointments are absorbed through the sweat and sebaceous ducts. "Pimples" 
and blackheads are caused by the blocking up these ducts and this may, if any- 
thing, decrease absorption. 
When mercury is brought directly in contact with living tissue, it 
may become absorbed, thus the use of mercury on large areas denuded of skin, or 
deeply fissured, is undoubtedly exposing the person to the possibility of absorp- 
tion to a dangerous degree. The few cases of serious poisoning so far encountered 
in the literature have all been associated with such careless and thoughtless use of 
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mercury by professional men. Since this effect is quantitative in nature the 
use of a white precipitate of mercury ointment on areas not too large, or for 
only a short period may be considered quite harmless, which is borne out by its 
enormous professional use. 
11. Does the addition of Zinc or Bismuth materially alter the absorption? 
The animals treated show effects in proportion to the strength of the white 
precipitate not modified materially by either addition. The effects on man were 
not studied as a modification of a triviality did not seem a sufficiently worthy 
object. It is possible that such astringents may decrease absorption from excor- 
iated surfaces, and thus may broaden somewhat the margin of general safety. 
12. What is the relation of white precipitate to red oxide? 
There is no very clear difference from our limited studies. The red oxide, 
if anything, may be slightly more absorbable. If this matter be sufficiently 
serious human studies are now indicated. 
13. How much absorption takes place from the skin of animals? 
We have already shown that human skin absorbs not more than 1:3800 of that 
applied to the skin. It is generally claimed that this absorption takes place 
largely in the skin from the sweat and sebaceous ducts. The animals used do not 
possess these former structors, so that their skin is possibly less absorbant than 
that of humans. Moreover, the absence of any local irritation suggests a low 
level of mercurial activity. (It may also suggest most of the human rashes may 
be associated with sweat duct disturbances, as we have already mentioned.) 
Calculations of the excreta of treated animals show, however, that 
considerable quantities have been ingested, e. g. 28.79 mgs. for 10% cats over 
a period of three months. (page 40) In this time 72 applicati:ns of 2.5 mgs. 
of white precipitate, or approximately 2 mgs. mercury have been made, namely, 
144 mss. of mercury. 28.79 mgs. a 21% of the total amount applied, namely an 
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absorption rate of 1:5, which would 
mean that if this be the true skin absorption the cat absorbs 760 times 
better than the human skin. Moreover, this figure does not include the 
extra amount of retained mercury. 
That a small area of skin should actually absorb more efficiently 
the entire intestine of the same animal is too idle to discuss, and it is 
absolutely certain that most of the mercury ingested by our animals was by 
mouth. What small fraction may be absorbed by the skin is impossible to 
estimate but there is no valid reason to assume it will be greater than 
that absorbed by the human skin, and in view of the different structure and 
absence of sweat ducts may actually be less. 
59 
TEiVTATIVE CONChúSIONS: 
1. The use of 2 -l0% ammoniated mercury ointments on the healthy human 
skin is normally not associated with any serious local injury. (We except 
ttallergic reactions ") 
2. The use of such ointments on the unbroken human skin is practically 
harmless from the standpoint of general absorption from the skin site. There is 
no reason to suppose that the skin of an unhealthy person may absorb more freely 
than that of a healthy one, unless definite breach of continuity exists. 
3. The healthy animal (and probably man) does not store dangerous 
reservoir amounts of mercury in its tissues even after long periods of ingestion. 
4. The healthy animal and human can and does handle a continual body 
stream of mercury without damage. The upper limits of this is probably in the 
order of a few milligrams daily of soluble mercury for the average human. 
5. The unhealthy animal probably cannot handle the same body - 
stream of mercury which would be safe when healthy. 
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SPECIAL NOTE CONCERNING RABBITS 
Until we have full data available on our rabbits the results 
of these analyses will be withheld from discussion. The reasons 
for this at this time are twofold. (1) We have not yet received 
the pathological report on the first batch. (2) We have lately 
become aware of an extremely interesting and important physiological 
finding connected with the nutrition of rabbits. Namely, that caged 
rabbits normally re -eat between 70 and 80% of their total feces. 
That this curious mechanism is somewhat akin to chewing of the cud by 
ruminants (e. g. cows). It takes place at night and involves an incon- 
spicuous direct anal -oral transmission. This finding is clearly of 
highest importance to all toxicological studies conducted on these 
animals since those poisons, which like mercury, are normally largely 
excreted in the feces are now shown to be returned to the animal and 
thus act over and over again. In consequence of which two things may 
occur. (a) A small regular ingestion will become built up to a much 
higher level than with animals, including man, which do not normal ly 
re -eat a large percentage of their intestinal contents. (b) That 
larger doses of mercury will appear to be more effectively poisonous 
by reason of the same mechanism. 
With these facts in kind we shall wait for our final results before 
attempting to interpret our findings on rabbits. We wish to point out 
at this stage, however, that it is by no means certain that rats are 
not also subject to the same phenomenon though possibly to a less marked 
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degree it is known that rats on deficient diets readily refect their 
feces. Carnivorous animals and humans except under very unusual 
conditions do not indulge in this practice. This is especially true 
of cats and humans. 
FINAL REPORT ON MERCURY STUDIES 
FOR E.P.R.I. 
By Dr. O. S. Gibbs 
University of Tennessee 
Memphis, Tenn. 
P A R T I I 
WORK OF UNIVERSITY OF TENNESSEE 
Memphis, Tennessee 
Under Direction Dr. O. S. Gibbs 
PREFACE 
TO TEE FINAL REPORT ON THE 
PHARMACOLOGICAL STUDIES OF TIE 
EXTERNAL PRODUCTS RESEARCH INSTITUTE 
This report contains the data now available on completion of the 
time period alloted for these studies. Much of the data,as well 
as the methods of analysis, have been previously recorded in our 
two earlier reports, which,together with the final, constitute a 
summary of the entire work undertaken. 
O. S. Gibbs 
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HUMAN RESULTS 
Continuing our interim report the following are the results 
from two more series of experiments: 
The first is a group to whom, following our previously des- 
cribed procedure, 2% Ammoniated Mercury has been applied for the 
usual period of one month. 
The second is a report of an experiment conducted on six persons 
to whom 10% Ammoniated Mercury has been applied, but in this case topan 
area rendered more -or -less erythematous by the use of an ultra -violet 
lamp. The purpose of this second experiment was to determine if such a 










































































































































































































































































































































































































































































































































































































































The results of this experiment demonstrate clearly enough that the 
application of 2% Ammoniated Mercury is not accompanied by any material 
increase in the excretion of mercury, as a short summary of the complete 
table shows. 
Normal Daily Average Urine Faeces Total 
(Previously Determined) 7.6 10.0 17.6 
This series initial figures 6.9 13.0 19.9 
After treatment 
Total Average 6.3 16.6 23.3 
The following are the results obtained by the application of one 
gram daily of 10% Ammoniated Mercury to the forearm rendered obviously hyper- 
aemic by the continued use of a powerful quartz light. The light was only 
administered on alternate days as we wished to avoid actual blistering. Some 
transient edema was noted as well as quite marked hyperaemia. Towards the 
end of the experiment some pigmentation was also apparent in spite of our desire 
to maintain continuous reddening without excessive browning. 
The subjects used for this study were some of those previously used 
for the 10% studies, and comparison can be made with this series previously 
reported as we used the same case numbers with the present addition of "R ". 
Unfortunately, owing to their working conditions (hospital and laboratory, 
one exception -Case 3), in which contact with mercury was likely, the initial 
figures for five cases were unusually high, and owing to the inevitable lag in 
the time before our analyses were completed, this was not noted early enough 
to change the experiments. 
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The results obtained, however, were not only interesting, but 
actually surprising, for we were rather prepared to find an increased 
absorption of the drug under our new conditions. 































































































































































































































































































































































































































































































































































































































It will be noted that,except Case 3, five of the six had unusually 
high mercury excretion. The initial figures, therefore, we feel can be 
considered definitely above the average. However, apart from the daily 
application of the ointment and the short light exposure on alternate days, 
no material change in the habits of these students was occasioned, and we, 
therefore, feel perfectly safe in accepting this experiment as evidence that 
no increased absorption of mercury into the general system had been occasiuned 
by the treatment. 
The fact that every case showed a final figure less than the initial 
which is contrary to the previously reported cases, would appear not acciden- 
tal. The most likely possibility is that the students became "mercury con- 
scious" for this experiment being the last of our series was conducted with 
great strictness to avoid previously discovered sources of accidental contam- 
ination. For medical students, these are excessively numerous, and constant 
guard must be kept against such errors. The use of mercurochrome on small 
cuts or scratches is now included in these known errors. 
There is the possibility that the mildly irritated skin may eventually 
become less absorbent, but as the normal skin has already been shown to absorb 
only trivial amounts of Ammoniated Mercury, too much stress placed on this 
idea seems unnecessary. 
Urine Feces Total 
Established normal (13 cases) 7.6 10.0 17.6 
This series 
Previous initial 6.7 9.4 16.1 
This series 
Present initial 36.3 34.2 70.5 
Final, 10% only 11.3 26.2 
37.5 
Final, 10% and light 6.9 11.3 
18.2 
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The fact that the final figures very closely approximate the 
average normal of our untreated cases suggests that the first hypothesis 
is probably correct. In any case, we may conclude that the irritation 
caused by ultra -violet rays does not increase the absorption of applied 
Ammoniated Mercury when this irritation does not go beyond deep erythema. 
We have avoided real blistering and have no data thereon. 
Severe damage to the skin might be expected to decrease its 
barrier efficiency, but in view of the rather unexpected results with this 
experiment we now feel that only experimentation itself can determine this 
matter; but until facts are obtained, it seems wise to regard the applica- 
tion of even Ammoniated Mercury to all severely damaged skins as an unnec- 
essarily hazardous procedure. On the other hand, its use with reasonable 
care on mild cases of sunburn would appear a harmless enough proceeding. 
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HUMANS 
Excretions in irradiation experiment contrasted with same cases 
of 10% of previous time without irradiation. 
Urine 
Case # Normal Final 
After Irradiation 
Normal Final Normal 
Feces 
After Irradiation 
Final Normal Final 
Z 12.1 12.8 29.6 19.5 7.2 11.6 67,3 4.5 
2. 1.2 13.3 21.3 1.6 - 23.0 14.1 7.8 
3. 2.0 12.6 2.9 1.9 2.0 39.1 25.0 12.1 
8. 0,9 7.8 42.3 6.1 166.4* 13.9 14.8 3.8 
9. 9.7 7.7 53.0 4.2 14.1 39.8 52.9 33.1 
10. 14.5 13.5 68.8 8.3 4.3 30.1 31.3 6.8 
Average 6.7 11.3 36.3 6.9 9.4 26.2 34.2 11.3 
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HUMANS 
NOTES ON RASHES OBSERVED DURING TREATMENT WITH AMLUONIATED MERCURY 
In our previous report we referred to skin rashes produced 
and their possible connection with meteorological conditions. An 
analysis of all our observations on this subject supports the sug- 
gestion made previously that most, if not all, of the mild transient 
rashes observed in this series can be regarded as quite non -specific 
in origin and most probably deal with a rather sudden alteration in 
sweating conditions rather than some specific irritation. 
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HUMAN RESULTS 
Local Effects of Irradiated Cases 
Three out of the six cases in which the application of mercurial ointment was 
accompanied by irradiation showed slight rash under the treated area: 
CASE 1 
Slight rash of the cubital fossa on the eighth day; lasted about a 
week, almost disappearing on the fifth day and then definitely appearing again 
on the next day to continue for two days more. 
CASE 8 
CASE 9 
Within 4 - 5 hours after irradiation on the 23rd day, rash that lasted 
16 - 18 hours. Rash the next day lasted 20 - 22 hours. On the 25th 
rash lasted two days. 













































































































































































































































































































































































































































































































































































































































































From the above table certain facts appear. Firstly, that the 
highest incidence of rashes is in September when the average mean tem- 
perature was 80.1i that with the exception of light treated cases, no 
rashes occurred in the months where new cases were not started, e.g., 
December and February; that the lowest incidence otherwise was in January 
which was the coldest month. That the ratio of one rash per six applica- 
tions is obtained with 10% Ammoniated Mercury in September at 80.10, but 
the same cases treated in February and March by the same material coupled 
with a marked light irritation gave only half that figure at much lower 
temperatures. The temperature effect,then, is clearly of outstanding 
importance. It will be noted that the average length of a rash is 2.2 days 
and that the incidence is coupled not only with temperature but new cases. 
The only exception to this being in the light treated series. The follow- 
ing table analyses this situation more closely. 
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No. of Cases 
RASKES 
No. of Case Rashes Day of Onset Treatment 
9 7 13.1.2.4.8 
3.2. Av..4.7 10% White 
HOT 
WEATHER 
3 2 1.1 Av. 1 day Base only 
5 1 13 2% White COLD 
WEATHER 6 5 
(3 cases involved) 18.8. 23. 
7. 1=--Av. 15days 10-flight 
otal 21 15 
8 in 4 days 
11 in 8 " 
4 in 8-t " 
















2%. 1 10% and light 
1 
(f1.0% and light 
1 
Page 14 
Certain conclusions may be reasonably drawn. Since the great bulk of the 
rashes occur within the first eight days of application and fifty per cent within 
four days, this does not suggest the presence of a continuous irritation such 
as sulphur ointment which progressively becomes more irritating, but rather of 
some transient disturbance; that two- thirds cases tested showing such rashes 
gave a similar effect with the base alone applied to the other arm supports this 
view. Where known irritation is present, as with light, the cases tended to 
occur later. (e.g. Average of 4.7 days, 10%: 15 days for 10% and light.) 
We can conclude that since these disturbances occurred mostly and early 
in hot weather, lasted for a trivial time, and did not recur (except in light 
cases) that the ointment by itself probably does not possess much real irritant 
quality. It would be very interesting to conduct a series of experiments on the 
rash production qualities of completely inert pastes. We venture to believe most 
of these rashes by such. 
Finally, we must point out that none of the "Rashes" produced were marked 
in character and several had faded before being inspected. Under no circumstan- 
ces could any of these rashes be considered as constituting more than a mild 
local disturbance, especially visible because we were searching for such effects. 
Moreover, though our experience has been limited our cases were continuously 
available for examination and control, in consequence offered better opportunities 
for serious study than is ordinarily possible with humans. 
Our results convince us that before any substance can be specifically 
blamed for the production of simple transient rashes, great care must be taken 
to eliminate the effects of the physical factors. We have no doubt. at all that 
most of our cases would have developed severe rashes in hot, moist weather if 
their arms had been thoroughly covered with impervious sheeting (rubber) for a 
number of hours. Under such conditions, interference with sweating and 
the dry- 
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ness of the skin is undoubtedly much more important than the specific effects 
of insoluble compounds. 
RASHES 
Conclusions: "Page 18 Interim Report" 
"Mild transient erythema and papular rashes are commonly pro- 
duced by applying ointments to the skin. They occur much more frequently 
if sweating conditions exist. They are not dependent on the presence of 
mercury in the ointment." 
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LOCAL EFFECTS 
On the completion of our studies, our animals had received 20,836 
applications of mercurial ointments and 2701 applications of the base,these 
being given to a total of 122 various animals, for periods of time varying 
from 3 months to 10 months, To the discussion (page 21) of our ppevidius 
report, we have no material data to add, since further injury of any kind 
has not been reported, either from this laboratory or in the pathologist's 
report. We may, therefore, safely conclude that the applications of these 
ointments are quite without local irritating effects. These results are 
particularly interesting in view of our conclusion concerning the effects 
on human skin, for the skin of our experimental not sweat. 
CONCLUSION: 
The applications of Base( Petrolatum), 2 %, 5 %, and 10% white am- 
moniated mercury ointments, 5% ammoniated 4- 5% Zinc Oxide, 5% ammoniated 
5% Bismuth carbonate, 5% and 10% Red Oxide of mercury, are without irrita- 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ANIMALS NO. OF ANIMALS NUMBER OF APPLICATIONS 


















2 2 1 8S 78 76 394 
CATS 2 1 1 79 74 62 294 
RABBITS 4 4 2 80 62 90 748 
RATS 6 5 3 3 99 64 68 49 1265 
GRAND TOTAL 14 12 7 3 1234 798 522 147 2701 
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EFFECTS OF MERCURY OINTMENT ON NUTRITION 
In our previous report, we discussed in some detail the possible 
effects of mercury on nutrition. With the completion of these experiments 
the full data is now available for summary under the following four divi- 
sions of nutrition: DOGS, CATS, RABBITS, EATS. 
DOGS 
EFFECT ON NUTRITION OF DOGS 
2 Controls - --- one lost 2 3/4 lbs. 
one gained 6 3/4 lbs.(not full -grown on 
arrival) 
6 2% White - - -- 5 gained 
1 lost AV. GAIN s 1 3/4 lbs. 
4 5% White - - -- 3 gained 
1 remained stationary 
AV. GAIN = 1 lbs2ozs. 
6 10% White - -- 2 gained 
4 lost AV. GAIN a. 2 1/2 ozs. 
2 10% Red - - -- 1 gained 
1 lost AV. LOSS - 1/4 lb. 
Page 20 
DOGS - NUTRITION 
As is comr_on with most dog studies, the animals obtainable could 
not be carefully selected with known antecedents. Thus we were dealing 
with strays and unwanted aninols of various mongrel types, our criterion 
being, for housing and economic reasons, size and apparent state of health. 
Or this basis then, we found that these dogs kept mostly in cages 
for an average period of time of 7f months gained slightly in weight (0.91b) 
or if we eliminate one control which actually grew in size, about 1/4 lb. 
average, 
The maximum loss was in a control dog. We know from the report of 
the pathologist that 3 had infections and most had worm infestation although 
they were all treated at least twice for this recurring condition. 
Taking these factors into consideration, we can only conclude the 
ointment applications, and their ingestion, played little, if any, part in 
the nutrition of this colony. 
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1 BASE 9 mo. 
n 6 mo. 
2 2 W 10 mo. 
2 n 3 mo. 
.3 ;fin 9 mo. 
3 n 10 mo. 
4 n 16 mo. 
4 n 6 mo. 
5 5% W 3 mo. 
5 n 6 mo. 
6 n 9 mo. 
6 n 9 mo. 
7 10% W 10 mo. 
n 10 mo. 
n 3 mo. 
8 n 9mo. 
9 " 6 mo. 
9 " 3 mo. 
10 10% R 9 mo. 
10 n 6 mo. 
WEIGHT AT 
BEGINNING 




10 3/4 " 
10 1/2 " 
13 n 
11 n 
7 1/4 " 
9 n 
9 1/2 " 
12 1/2 " 
14 3/4 " 
12 n 
12 3/4 " 
10 1/2 " 
WEIGHT AT 
END CHANGE 
11 lbs. -2 3/4 lbs. 
17 3/4 lbs, +6 3/4 
12 n +1 " 
11 n +2 n 
15 +4 1/4 " 
12 3/4 " +2 1/4 n 
12 n -1 n 
11 1/4 " + 1/4 n 
7 3/4 " + 1/2 
10 1/4 " +1 1/4 n 
9 1/2 " f0 ft 
15 1,14 " +2 3/4 n 
16 1/4 " +1 1/2 n 
1012 n 1 4 n 
11 n -1 n 
13 " +2 1/2 n 
11 3/4 " - 3/4 n 
13 1/2 " -1 n 
13 1/2 " + 3/4 n 
9 1/4 " -1 1/4 " 
AVERAGE CRl1G PER DOG = -+.0.9 lbs. 
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CATS 
EFFECTS ON NUTRITION 
As previously reported, cats do very badly when confined to cages, 
or indeed, when confined. However, apart from 2 controls -r,hich died and are 
omitted from our calculations, it may be seen that the total colony of eleven 
kept an average of 7 months gained 2 ozs per cat. The largest gain was 24 
ozs on a 10% White. The largest loss was 34 izs in the same group. The re- 
marks made concerning the origin of our dogs are even more applicable to the 
cats which were both male and female, and had undergone no selection at all. 
Under such conditions we must expect rather marked variation, especially so 
as cats are subject to "moping ", and may , in consequence, cease to interest 
themselves in the ordinary life habits. 
The results from this small colony,therefore, taken alone would be 
quite indecisive, but taken along with the other available results, and in 
conjunction with the pathologist's report, "no important lesions of any kind 
were found ", we feel entitled to accept the results of our work at face 
value, and conclude that the applications of ointment did not play any ma- 
terial role in the health and nutrition of these animals. 
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CATS - -EIGHT EFFECTS 
TREATMENT SEX NO. 
LENG1.a OZ 










6 lbs 12 ozs 
3 lbs 15 ozs 
3 lbs 12 ozs 
2 lbs 10 ozs 
-3 lbs 
-1 lbs 5 ozs 
F 3 9 mo. 4 lbs. 5 lbs 2 ozs +1 lb 2 ozs 
F 4 9 mo. 4 lbs. 4 lbs 3 ozs + 4 ozs 
2fW 
F 5 9 mo. 5 lbs 4 ozs 4 lbs 14 ozs - 6 ozs 
F 6 3 mo. 4 lbs 4 lbs 9 ozs + 9 ozs 
F 7 6 mo. 4 lbs 3 ozs 4 lbs 14 ozs 11 ozs 
F 8 6 mo. 4 lbs 8 ozs 4 lbs 4 ozs - 4 ozs 
M 9 9 mo. 7 lbs 4 lbs 14 ozs -2 lbs2 ozs 
10%W 
M 10 6 mo. 4 lbs 12 ozs 3 lbs 13 ozs - 15 ozs 
M 11 6mo. 4. lbs 4 lbs t0 
M 12 3 mo. 5 lbs 6 lbs 8 ozs +1 lb 8 ozs 
AVERAGE GAIN PER CAT + 2 oz 
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RABBITS 
EFFECTS ON NUTRITION 
From these figures, it would appear that the l0 %'s grew best, the 
Control second, and the 2%'s last. However, analyzing still further and 
taking the weight history of the remaining animals for the entire period of 
9 months, we find: 
Control gained 149 % 
2 % " 186 % 
10 % " 160 % 
The initial weights of the animals determine these figures ( e.g. 
the exact age and early growth rate ) in consequence we are inclined to the 
view that in all probability there is, finally, not much, if any,difference 
in these groups, although the 10 %'s may have grown a little faster at the 
start. The radiologist, moreover, reports no material difference discover- 
able in the final animals, nor any pathology, but he suggests that the 10%'s 
grew better,iin his 6 month report. 
The following table shows clearly enough that for the first six 
months the various groups, all rapidly growing, gained as follows: 
Control gain 7270 170 % 
2 % " 6737 161 % 
10 ó " 7260 182 % 
The next three months the remaining rabbits: 
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Control gain 
2 % " 




1 3.0 % 
1.0 % 
2.8 ó 
We may, therefore, safely conclude that the applications of the 
ointments did not injure the growth or nutrition of these animals in any 
discoverable way. Whether or not some preliminary stimulation occurred in 
these animals is not established to our satisfaction, but in view of cer- 
tain reports in the literature, as well as some slight effects of a simi- 
lar nature observed in our rats, we cannot dismiss this entirely from our 
condideration. 
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1 6 mo. 1030 3064 2034 
2 9 mo. 1000 2862 1862 
BASE 
3 6 mo. 1075 2837 1762 
7245 170 % 
4 9 mo. 1175 2762 1587 
5 6 mo. X1136 2682 1547 
6 6 mo. 1170 2612 1442 
2 
% 
7 9 mo. 950 2862 1912 
6488 161 
8 9 mo. 925 2512 1587 
9 6 mo. 980 2837 1857 
10 6 mo. 900 2724 1824 
10% 
11 9 mo. 870 2602 1732 
7048 182°% 
12 9 mo. .1225 2862 1625 
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RATS 
EFFECTS ON DNTRITION 
The establishment of a precise, normal weight for rats offers prac- 
tical difficulties. Rats, according to the encyclopedic work of Donaldson 
( The Rat.1924 listar Inst. p.281ó), never cease to acquire weight with aged 
As all our animals were not the same age, we cannot compare them exactly;the 
cage lots were, however, the same age. In order to estimate the normal in- 
crement in weight we have taken the initial weight as a guide to the age,and 
by using the Wistar Tables, arrived at an approximation. Finally,we took the 
controls' actual gain and corrected the table so obtained so that the controls 
showed Theoretical _ Actual Gain. 
That this is a somewhat arbitrary proceeding is admitted, but as it 
only enables a relationship to be more easily observed,add does not change it 
in anyway, we feel that, for the present purpose, the method is suitable enough. 
Assuming the Wistar figure, the average male should be about 306 gms. 
and the female, 223 gms. The controls actually were 299 and 213 gms respective- 
ly, so that,in calculating Theoretical Gain,we deducted 6 grams from the male 
and 10 from the female. 
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RATS- WEIGHT EFFECTS 
CAGE 
# 




















1 M CONTROL 1401 233 898 299 9 mo. 73 67 66 
(6) (3) 0 
2 M BASE 1385 231 896 299 11 mo. 74 68 68 
(6) (C 
3 F 1ccH®los 982 164 402 201 11 " 59 49 37 
(6) (2) 0 
4 F CONTROL 1084 181 450 225 9 " 42 32 44 
5 M gCl_2/ os 1440 240 966 322 : +22 
(6) (4) 
6 M 1378 230 1245 70 8 411 
(6) (3) 
7 F 1034 206 4 - 7 
(6) (1) 
8 F 1096 194 30 11 -19 
' (6) (3) 
9 M , 1361 227 993 331 ' 73 104 431 
(6) (3) 
10 M 1593 266 1096 40 34 99 465 
[6j (5) 
11 i. 5j 1042 174 706 235 61 -65 
(6) () 
12 M 1130 188 938 +13 
(61 (3) 
13 M 1704 3' 444 
(6) (3) 
14 Y 1633 299 ' 28 27 - 1 
(o) C5) 
15 F 40 tt 1051 175 642 48 38 39 + 1 
(6) (3) 
16 F 1092 197 7 " 41 31 15 -16 
17 F 983 164 594 198 11 " 59 ' 34 -15 
(6) (3) 
18 F " 933 156 598 199 7 " 69 59 43 -16 
19 M 0 
( 2) 
670 11 " = RÍ }35 ($) 582 RIA 194 11 " -19 
lTAL 1326 1170 1233 *63 
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The following table with corrections for the age then shows the re- 
lationship between actual weight and the approximate expected one; 
Theor. Actual 
Male 521 776 _ 255 all males gained 
27 (except cage 11) 
Female 333 242 -91 all 'but cage 15( }1) 
23 lost 
854 1018 
Total Gain 1618 - 854 = 164 
Approximately : 
Males gained 10 grams per head 
over the expedted 
Females lost 4 grams per head 
These results amplifying those previously given in the 6th month 
report show conclusively enough that the treatment did not obviously damage 
the animals, nor impair their growth. There is a suspicion of sex differ- 
ence, but larger numbers would be necessary to prove this. There is also 
a suspicion that some of the males grew faster than the controls, which is 
a suggestion already in the literature. Howevever, one must not neglect the 
possibility that the mercury might decrease the worm infestation common in 
this animal and thus indirectly,rather than directly, benefit them. Never- 
theless,the arsenic -like properties of mercury are becoming more apparent , 
and it is already known to possess certain stimulating effects on general 
nutrition. 
CONCLUSIONS: 
(1) The application of mercury to limited areas of skin in rats 
produces neither local, nor general, injurious effects on nutrition or on 
growth up to and including an 11th month continuous usage, 
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ABSORPTION AND EXCRETION OF MERCURY 
In the following four tables for Dog, Cat, Rabbit, and Rat,respective- 
ly,will be found the remainder of our experimental data (the first half being 
found in our 6th month report) concerning the excretion of mercury which result- 
ed from our experimental conditions. 
(1) All control animals continually excrete mercury. The food source 
does not always account for this amount, and some undiscovered source is there- 
fore involved, Accidental contamination is the most likely source. 
(2) Controls kept in daily washed cages, but in the same room as the 
treated animals, increase their excretion of mercury very materially. 
(3) All the animals - Dog, Cat, Rabbit, Rat - showed increased excret- 
ion with the stronger percentages, both urinary and raecal. 
(4)The animals showed increased excretion of mercury with the increas- 
ed time of applications - both urinary and faecal. (This also, however, included 
the Controls). 
(5) The smaller animals excreted more per body weight than the larger. 
Ratio 
E.g. 10 % White: Mercury app. to body 
wt. 
Rat 1 gamma per 1.5 gm Body Wt. 1 : 30 
Cat 1 " " 6 " " It 1 : 50 
Rabbit 1 " " 18 " " n 1 : 68 
Dog 1 " n 22 " n 1 : 58 
This difference is not accounted for by the ratio of Dose to Body Weight. 
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(6) The total excretion of the 5% White and the 10 % White in dogs is 
similar, which indicates other factors besides dosage are involved. However, the 
mercury excretion of the urine is less for the 5 % than for the 10 %, 
(7) The highest total excretion rate is with the 5% White, the second 
with the 10% Red (Dogs), 
(8) However, the urinary excretion of the Red Oxide (Dog) is signifi- 
cantly higher than the highest 5% or 10% White, indicating that this material is 
somewhat more readily absorbed than the ammoniated mercury. 
(9) The urinary concentration of Cats is considerably higher than that 
of Dogs ; 16 parts per 100,000,000 for dogs - 89 per 100,000,000 for cats, which 
is a ratio of 1 : 52. This increase may be due to the size -species difference 
suggested in part (5), but is very likely to be caused by the different toilet 
habits of these particular animals,whereby all the available ointment is scraped 
of and ingested in the process of cleaning. 
(10) The urinary excretions of rabbits and rats were not estiiated.For 
special reasons, it seems probable that the rabbits had a high concentration of 
mercury in their urine. 
(11) The figures for excretion of all animals is a very material pro- 
portion of the amount of mercury applied, as the following approximations illus- 
trate: 
E.g. Dogs 2% White 
5% " 
10% " 













4tnot corrected for 
Sundays when no 
dose was given 
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(12) These experiments supply useful data on the effects of a constant 
abnormally high stream of mercury passing through the body. 
(13) There is little doubt that most of the mercury absorbed in these 
studies was by the oral route. This is supported by the following facts: 
1. Human skin at most absorbs 1 : 3800 of that applied. (Cole, 
Schreber, and Sollmann.Archiv. Dermatology and Syphilogy 1933.27.pp.1 -11 , give 
data from which one may calculate that approximately 1 :3000 parts of calomel 
ointment is absorbed- which figure is slightly higher than our own for the sup- 
posedly less absorbable white precipitate.) 
2. In our experiment on man the amount of calomel taken orally, 
and excreted into the urine was in the order of 0.1% of that re- collected, 0.04% 
of that actually ingested. That the gastro -intestinal tube shduld be a less ef- 
fective absorbing surface than the skin is highly unlikely, even if only the 
very large difference in absorbing surface,and the fact that the canal contains 
fluids capable of dissolving the mercury,are taken into account. 
3. Absorption from the skin depends largely upon the available 
ducts, sweat and sebaceous, as well as hair follicles. Zwick (1924.T.A.M.A. 83, 
1861) specifically states, "Mercury does not penetrate into or through the intact 
epidermis ",(speaking of animal's skin). Cole et al (1933.Archiv.of Dermatia. and 
Syphil. 27.pp.1 -11) ascribes the poor absorption of calomel as contrasted with 
metallic mercury "---- probably lies in the difficulty of rubbing hard particles 
of mild mercurous chloride into the hair follicles. Consequently, it is poorly 
absorbed ",(Human 8ases,p.10). Moreover, these authors suggest that, "the rela- 
tively high faecal excretion is probably to be explained as absorption from the 
fingers by way of the mouth " - a conclusion similar to our own concerning human 
studies. 
4. Mercury absorbed through the skin into the blood stream will 
be largely excreted by the kidneys. Sollmann et al (Archiv.of Dermatol.and Syph. 
1935.32.p 12) give the urine -faeces ratio as 1.13 :: 1.0 , that is a greater 
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excretion by way of the kidneys. Clark (p.81,5th Edit.1933) states that the pow- 
er of the gut to excrete mercury is a limited one, and the quantity thus excreted 
seldom rises above 25% of the total daily excretion. Cole at al: Archiv.Of Derma - 
tol.and Syphil. 1928 .17 p.625, show that intra- muscularly administered mercury 
escapes by the urine with a median ratio of over 5 : 1 to the faeces (p.637).They 
repeat in this paper also that they believe that inunction patients orally ingest 
their material (pp.637 -638). However, they also note the variability of ratios. 
It must be pointed out that Sollmann and his colleagues are associated with con- 
siderable rubbing as also is the work of Zwick. We did not rub our ointments in 
very strenously as they are not applied in this manner in cosmetic practice. 
With these various factors in mind, coupled with what we regard as mach 
more important, the self -cleaning habits of the animals, we can be reasonably sure 
that most of the excretion in these animal studies is from orally ingested mater- 
ial. Moreover, the daily absorption of 20% (Rats,Cats) of that applied is by far 
higher than that absorbed from intra- muscular injections of a water -soluble mer- 
cury double salt (Cole et al.p.637), making it thus certain that a large quantity 
is ingested otherwise. 
The fact that the control dog to whom no mercury was given also showed 
increased excretion, and still more important,the fact that the Control Rabbits - 
housed in the same cages with the mercury- treai;ed ones- contained mercury..in much 
larger amounts than normal, establishes the impoftance of contamination ingestion 
beyond question. 
We wish direct data bearing on this matter were availhble,especially as 
the literature abounds with statements regarding distribution and storage of mer- 
cury without any satisfactory experimental evidence. As we will see later, some 
of the current views must be modified, but as they were largely based on supposi- 
tion rather than analytical data, this is not highly surprising. 
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(14) No definite influence was noted on the excretions (urine and 
faeces) of any of the animals.A continuous daily record of the rats' faeces 
showed no constant effects e.g. soft or normal faeces ). In the cat, both 
the urine and faeces contained a higher percent of mercury in the 10% than 
in the 2%, and both were increased in amount. The rabbits also showed a 
slight increase in faeces of the 10% over the 2%. However, this relation- 
ship was true neither for the dogs nor the rats. The constant presence of 
small quantities of mercury in the gut is not, therefore, necessarily asso- 
ciated with irritation symptoms in animals. The possibility is , however , 
that much of the mercury in the gut was present as an insoluble, and thus 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EXCRETION DATA FOR RABBITS 
July 18- Jan. 18 : 
Cage 1 : 4 2% White + 2 Controls 
Cage t =4 10% " t2 " 
Jan. 18 - April 18 : 
Cage 1 : 2 2% White + 1 Control 
Cage 2 a 2 10% " + 1 Control 
CAGE 1 CAGE 2 
July 18 - jan. 18 
(six months) 
Daily excretion per Rabbit 
Gamma of Hg 
37.2 Y 103.2 Y 
Total 
Excretion per Rabbit 
184 days 
(mgs. of Hg) 
6.8 Mgs. 19.0 Mgs. 
Calculated excretion of 
Control animal 
184 days 
(using control data of 
revious experiment p } 
0.1 Mgs. 
July 18 - April 18 
(nine months) 
Daily excretion per Rabbit 
Gamma of Hg 
55.8Y 147.2 Y 
Total 
Excretion per Rabbit 
274 days 
(mgs. of Hg) 
15.3 Mgs. 40.3 Mga. 
Calculated excretion of 
Control animal 
274 days 
(using control data of 
revious experiment p 
0.2 Mgs. 
Amount Mercury applied 
par day 
0.4 Mgs. 1.0 Mgs. 
% Amount absorbed 13 % 15% 
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RAT EXCRETION DATA 
Tan. 2 - May 1 





per rat day 
TOTAL Hg 







2 BASE 104 3.0 8.4 0.9mgs 3.6 gms 233.3 
rat day 
6 HgCl2 
10 Y /day 
per os. 
104 4.0 23.6 2.5mgs 3.1 gms 761.3 
rat day 
10 10 mgs 
per day of 
10%o W 
104 3.6 182.9 19.Omgs 








HUMAN CASE NO. Sh. 
URINE FAECES 




















49.1 139.1 (for 19th only) 
53.0 
13.0 
Samples run a week later 
14.8 





THE MERCURY CONThTT OF TISSUES 
With the completion of our studies, we are able to add more data to 
that previously rendered. Nevertheless, with all our own data now at our 
disposal, as well as the rather limited amount of good data in the available 
literature, we are still not in a position to answer all the major questions 
concerning the poisoning by mercury. Indded, it is still our firm conviction 
that a very considerable amount of careful work, done under competenta&ireö-- 
ion is necessary before:the knowledge of this and similar poisonings can be 
materially advanced. The literature abounds with statements, which admitted- 
ly may appear reasonable enough, but are quite without experimental founda- 
tion. Accurate quantitative data carried out on a sufficiently large scale 
by a reasonably good method is limited to the work of 2 laboratories, namely- 
that of Stock in Germany and Sollmann in this country. Some good, but quite 
limited, data is available from the laboratory of Bodnár in Hungary. By far 
the largest series of animal experiments has been completed in 01a1 laboratory 
during the past 15 months. The greater part of the literature available to 
us, and already summarized by Sollmann, Stock,Bodnar, in their various papers, 
is almost valueless as the methdds of analysis used were so crude and inaccur- 
ate that only really large quantities of mercury could be satisfactorily de- 
termined . Most of this literature is semi- clinical in nature,and refers to 
cases of poisoning or supposed poisoning. Work based on the detection of mer- 
cury in the urine after some ointment applications to the skin is of little 
value, since both Sollmann and his colleagues, in their extensive studies,and 
ourselves, agree that accidental oral ingestion has not been satisfactorily 
prevented, and is very difficult so to do. Moreover, even when the dangers 
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of accidental contamination are well known and a regular routine has been in- 
stituted, it is very difficult to prevent its occurrence, especially so when 
dealing with non -soluble greases which are difficult to remove completely- a 
fact only too well illustrated by the results in some of our control animals 
kept over a long period of time. The training of the technical staff so that 
it becomes sufficiently sensitive to mercury contamination in itself offers a 
really material problem. Medical students used in our human cases, in spite 
of scientific training, and of our local exhortations, nevertheless got con- 
taminated frequently, either by carelessness, or the failure to develop a 
sufficiently sensitive reaCiion. Thus they learn to handle the mercury oint- 
ments with excellent care, but a few minutes later dab an accidental cut with 
mercurochrome; or taste calomel in the museum; or handle bichloride in the 
hospital; or visit the dentist; without consideration of the effects on the 
experiment. The realization of these and associated difficulties is absolute- 
ly imperative, especially so as mercury in one form or another is commonly 
encountered under ordinary civilized conditions. We have met the statement 
that the presence of mercury in the human urine is abnormal; when suitable 
analytical methods are used, however, it is, on the contrary, exceedingly un- 
common to find urine completely negative in the people we have examined.More- 
over, the few analyses conducted on human tissue by Stock ( Biochem.Zeit, 304 
Band 1. -2 Heft,1940.p.73 ), Bodnar (Biochem.Zeit.302.1939.p.385), and our - 
selves,show,as is seen by the accompanying table,that mercury is virtually 
always present. This is so true that Bodná suggests the metal may play a 
physiological róle. As will be observed, we have also analyzed the tissue of 
one 8 months old baby, and also of 6 kittens, aged 2 and 3 weeks, and in all 
tissues, mercury was found present. 
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MERCURY IN HUMAN TISSUN IN Y/100 GRAu:S 
Tissue 
(Mean of all analyses) 
STOCK BODNAR GIBBS 
Skin - -- 31.4 (one analysis) 
Intestine 7.8(one analysis) - -- 166.0 " " 
Liver 9.6 18.7 318.2 
Kidney 62.8 32.6 47.9 
Blood 1.1 25.5 - -- 
Heart 1.6 - -- 8.1 (one) 
Muscle 0.6 - 6.0 " 
Brain 9.3 - -- 8.1 
Bone --- 36.3* 
Spleen 1.4 - -- 6.9 
Hair (head) 13.2 
Lung 1.5 21.7 
Fat 10.4 
Testes or ovary 0.2 
Gall bladder and bile 2.0 
Spinal marrow 2.4 




MERCURY IN TISSUE OF 8 MONTHS OLD CHILD 







MERCURY IN KITTENS BORN TO EXP RDIENTAL ANIMALS 
IN Y /100 GRAMS 
Mother -Cat # 4 
2% White 
Mother- Cat # 5 
2% White 














Skin 231.0 232.1 233,1 170.1 317.8 351.2 
Intestine --- 236,2 319.8 518.8 492.7 335.3 
Viscera 70.9 58.1 58.2 48.1 93.8 201.6 
Muscle 20.4 25.7 23.3 23.3 
- 27.9 32.8 
Bone 56.4 67.9 63.4 100.8 ' 75.4 63.6 
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This information, coupled with that previously reported on food ma- 
terials, establishes, beyond any doubt, that the *normal* or average human, 
living under town conditions carries in his tissues measurable, or even large, 
quantities of mercury,accidentally ingested. Moreover, even suckling animals 
have mercury in their tissues. This is derived from the mother herself before 
birth and also from her milk, which has already been shown by us to contain 
traces of mercury. Analyses of the pooled tissues of 3 rats' foetus, obtained 
directly from the uterus of animals shipped in from an outside lab, showed 
the average content to be 9.4 Y /100 grams. 
In view of these findings, we fully agree with Stock,who remarks, 
"Des Quecksilber in Spuren überall vorhanden ist* ( "mercury in traces is pre- 
sent everywhere "). " Durchschnittlich liegt der Quecksilber Gehalt bei den 
anorganischen and organischen Naturstoff zwischen 10 -100g. /kilo. *( "The ave- 
rage mercury content of both inorganic and organic natural materials lies be- 
tween 10 -100 kamma per kilo. "). Also he remarks, *Es kann als secher betrach- 
tet werden, dass das in Nahrungsnutteln, Wasser, and Luft nur in geringen 
Spuren vorkommende Quecksilber keine Giftstoff für den Menschlichen Organis- 
mus ist.* ("It can be considered as certain that the small traces of mercury 
present in food, water, and air are not a poison for the human organism. " ) 
In view of the close agreement between the work of this laboratory and that 
of Stock and Bodnar, we feel that no other conclusion is reasonable.Moreover, 
we had recent occasion to check our analytical method by the courtesy of Dr. 
Hubbard of the Kettering Laboratory in the University of Cincinnati. In every 
case they found more mercury with their method than we did with ours, so that 
all our figures may be considered somewhat low rather than otherwise. We have 
always considered the method as yielding on the order of 70 ;$ recovery; thus 
their findings were not unexpected. HowevP'- it must be emphasized that our 
results, as well as those of Stock and Bodnar, are all in terms of actual 
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mercury obtained, and there is thus no question whatever of interpretation such 
as exists with any other type of analysis. Moreover, our figures are always 
minimal since some loss is bound to occur, especially with the extraction of the 
solid materials. 
CO- OPERATIVE F:TPERIMENT WITH KETTERING LAB 
Sample # A. Recovery in our lab B. Recovery by Kettering A's % of B 
1. dog urine 10.5 Y /50co 14.0 Y /50co 75% 
2. " 
3. human urine 0.5 " 0.9 " 56% 
4 
5. human urine -12.6 Y 12.6 " 17.5 " 72% 
6. " " " 50cc 
7. urine 2.4 " 4.5 " 53% 
8. urine 0.08 " 0.0 " 
9. urine 15.2 " 20.5 " 74% 
10. urine 2.6 " 4.5 " 62% 
11. urine 0.08 " 0.0 " 
12. urine 15.2 " 20.5 " 74% 
We may therefore answer Question I (page 48) of our earlier report 
with a certain finality, namely that all tissues, human or animal, old or 
foetal, which we have analyzed, contain mercury. The presence then of mer- 
cury can have no pathological significance unless in proven poisonous amounts. 
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Question 2 "What are the normal amounts of mercury in the tissues ?": 
we now believe to be unanswerable for the reasons that each tissue in 
the same body varies, and the same tissues from different bodies also vary. That 
this is due to the many changing factors of ingestion, mobilization and fixa- 
tion is certain, illustrated by the analyses on kittens in which the fixed 
tissues show a quite remarkable constancy (Bone and Muscle). A series of analyses 
on larger foetus where individual organs could be examined would be of rather 
considerable interest. It is of interest to observe that the kittens contained 
more mercury per cent in their bone and muscle than their mothers, while the 
skin and viscera contained considerably less. 
However, while the conclusions tentatively drawn in our previous re- 
port seem to give a probable partial explanation, much more work is required to 
solve the many questions arising out of this one inquiry which, indeed, really 
should be: "What factors determine the mercury tissue levels in animals?" 
Part of this will be discussed in later paragraphs, and part remains for future 
work to determine. 
Question 3 "At what level is mercury damaging to the tissues ?" 
was discussed previously (page 51), and we may add the following 
information: 
















Max.(Y /100 gms) 
629.0 
26.8 






Damage was suspected in the 10% Rabbits "in an excessive disintegration of kid- 
ney cells and an accumulation of inflammatory cells in the glomeruli. The brain 
cells revealed large hyaline degenerative granules in the cells. There was no 
evidence of death of nerve cells." Hansmann, paragraph 5, Report on Rabbit, June 
4th. However, Hansmann also remarks "There was no lesion in which the progress 










From the above figures, we find that damage is not strictly associated 
with mercury level; also that certain tissues carry much higher loads with im- 
punity than others. 
A study of the attached tables, pages 56 -63, shows the Kidney, Liver, 
Intestine and Skin may, and generally do, have much higher mercurial content than 
those tissues neither concerned directly with absorption, nor elimination (Muscle, 
Bone, Brain, Spleen.) 
The meaning of this rather usual finding is not clear. That the in- 
testine and its contents, being the major route of ingestion, should have large 
varying loads is understandable. That a mercurial stream carried first to the 
liver, and probably partly excreted in the bile therefore, might also have a con- 
sistently higher content than other organs is also not difficult to understand. 
When, however, we turn to the kidney, there does not appear a reasonable obvious 
explanation as to the cause of the high concentration, which is actually much 
higher than the concentration in the urine (see Table on Dog), and thus is not a 
simple result of this physiological mechanism. The facts show that certain or- 
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gaps pick up mercury more readily than others and even permit or cause its con- 
centration over and above the supply stream. However, there must be a limit to 
this mechanism; otherwise such tissues would, in cases of heavy continued mer- 
cury stream, rapidly become poisoned by the increasing mercurial concentration, 
when in actual fact the concentration seems to reach a limit and, certainly, 
poisoning does not readily occur, or the Pathologist would have noted its pre- 
sence in our tissues. 
With the prolongation of our experiments for a further 3 - 6 months, 
since our first report, we have one further definite finding; namely, that the 
heavily treated animals showed a definite increase in mercury content of their 
tissues. This is quite clearly seen in the Rabbit group in which we know, from 
their curious habit of reflection of faeces, the mercury in the intestinal canal 
must thereby be kept constantly present. It is a source of regret that we were 
not able to extend our studies to the urine of these animals, for it would be 
likely to suppose that much of the ingested mercury would, of necessity, 
eventually be lost by this route, apart, of course, from that lost by the skin 
and hair, and the faecal residue. 
The reason for this increased tissue content with the time period is by 
no means clear, for it is not absolutely constant; moreover, much shorter treat- 
ments may cause equal rise in tissue content. 
There is a growing suspicion in our minds that two normal factors may 
definitely cause fixation of mercury (we speak relatively), the first being the 
rate of growth, and the second being senile (or similar) changes. Growing tissue 
apparently contains more than fixed tissue. For example, the foetus contained 
more than the mother (except in the excretory organs). The spleen and the skin 
generally contain much more than the muscle, bone or brain. According to Stock, 
the gonadic tissue in humans is also higher than the muscle or brain. The high 
skin content we are inclined to relate to the fact that, in this organ, the grow- 
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ing cells leave the matrix slowly, in contrast to the blood -forming organs or even 
the gonadic tissue. Moreover, the presence of mercury in milk may be, perhaps, 
associated with its peculiar mechanism of manufacture rather than a simple escape 
phenomenon. If this were true, sebaceous secretions might also contain more 
mercury than simple watery ones. These speculations on the fate of mercury are 
definitely introduced with the purpose of illustrating the complexities which ex- 
ist concerning these matters. The casual statements in the literature to the ef- 
fect that mercury is exereted by the urine and along the gastro -intestinal tract 
are firstly, incorrect, since there must also be considerable loss by means of 
the skin and appendages, such as occurs with arsenic, a fact apparently not yet 
present in the literature; secondly, it is by no means easy to understand the ex- 
act mechanism which allows a protein -loving material like ionizable mercury to 
escape by the urine. Information on this subject might well help in the solution 
of the problems of distribution and fixation. Moreover, if it be discovered that, 
as would not be surprising, some non -ionizable compound of mercury is involved, 
this would also throw considerable light on the fact that, contrary to the general 
opinion, especially as propagated by Stook, mercury has shown itself to be far less 
poisonous -Co our animals than we had expected. In arranging these experiments, we 
had hoped to obtain definite poisoning, at least in our heavily treated animals in 
order that we could estimate some definite level of toxicity. In this we have not 
succeeded, in spite of the fact that many of the 9 -month animals had a heavy body 
stream of the metal. 
These various results show, however, that tissues may carry loads of 
mercury much higher than commonly found without any sign of ill- health or patho- 
logical damage. 
They also show that with heavy streams of mercury, increased tissue con- 
tent will probably ensue if the time factor be long enough. We have already shown 
Page 50 
that small streams do not cause this increase within the limits of our experience, 
but we do suspect that fixation may more readily occur with the onset of senes- 
cence. Whether this if true, has any particular significance is however, another 
unsolved problem. 
In the preceeding discussion we have thus added to the discussion of our 
questions 3, 4, and 5, 
Question 6 "Do other factors besides the concentration of mercury available help 
to determine tissue concentration ?" 
We have already shown that,other things being equal, certain excretory 
tissues contain more mercury than the fixed ones, However, we are convinced thet 
the barrier which normally exist3 to prevent mercury being absorbed, as if by a 
non -living protein sponge, can be changed. Dog #3 (10 month) had an unusual con- 
tent in his bones, yet his body stream (e.g. urinary output) was only 1/5 of Dog 
#10, which had 18.2 as contrasted with 2709 for #3. The rest of the tissues of # 
3 followed the usual pattern. Cat #1 (control) had the highest Brain figure re- 
ported (148.5), yet his bones and muscle were quite normal for an untreated ani- 
mal. This animal was a particularly fine healthy brute, and as he lived, for the 
most part, free in the large animal house, and never mixed with the other animals 
(except to scratch the dogs if they presumed too much),the amount of mercury we 
found would have been distinctly surprising had we not already noted high con- 
tent in stray dogs. 
Many similar cases exist where a tissue contains a higher amount of mer- 
cury than the pattern of the remaining figures would suggest, and shows that local 
barrier factors can be changed, as well as general ones. 
We conducted one experiment to see whether acute disease changed the 
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tissue content, but as will be seen from the attached record, we were not suc- 
cessful. (Table on Trypanosome Experiment). 
Adding then to our summary on page 53,we can add the fact that both 
general as well as local conditiohs may operate to alter the existing barrier 
level, 
Question 7 "How much mercury may constitute a safe body stream ?" 
While our data tends to show mercury to be less poisonous when in- 
gested in the form of white precipitate or red oxide than we had previously 
imagined, we still are inclined,perhaps somewhat conservatively, to the views 
expressed in our previous report. However, we must emphasize that this discus- 
sion assumed that the "mercury was a readily absorbed material such as the 
mercuric chloride." Our data tends to indicate that white precipitate of mer- 
cury is not to be regarded as mercury metal, nor a soluble salt thereof, 
Throughout this report, it is true, we have reported analyses in 
terms of mercury, but we are fully aware that for our accurate discussion, a 
matter too commonly overlooked, that pharmacologically the activity of the in- 
soluble forms of mercury is far less than of either the highly volatile metal 
or the soluble salts. While therefore, we are inclined to the view that a few 
milligrams of mercuric chloride per day would represent the upper limits of a 
safe mercurial. stream, our data suggests that four or five times this figure 
might normally represent the effects of an insoluble compound since this seems 
to be the probable absorption ratio of non -purgative doses, We definitely ex- 
clude metallic mercuric since this may be readily brought in contact with the 
lings from where absorption seems to be particularly easy. 
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ie -P - 
Animal Wt. 265 gm 216 gm. 262 gm 199 gm 167 gm 204 gm 150 gm 203 gm 
Skin 1.3.9 16.7 32,2 103,5 560.0 128.0 130 34.4 
Intestine 1646.*_ 2169.0 26443.4 4200,0 3176,5 1655,3 1,58,Z --- 
Viscera 361.4 105. 500.7 39.4 346.0 201,6 135.0 --- 
Muscle 13.5 6.9 20.7 4.2 289.9 13,1 --- 19.2 













251 gm 241 gm 
Skin 62.2 18.9 86.6 26.6 74.2 41.8 
Intestine 2372.1 162.9 1650.0 3427.3 2760.4 875,0 
Viscera 478.7 266.7 486.8 518.4 397,6 429,0 
Muscle 25.7 11.6 23.5 32.7 15.0 34,3 
Bone 28.5 54.9 29,8 63.8 35.1 61.3 
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Question 8 
Is mercury stored? 
There is no question that mercury is not stored in the body to form 
dangerous reservoirs. The large fixed tissues where this might occur, (bone 
and muscle), never show large amounts. Indeed, the highest in bone was 68.3Y/ 
100 grams (in a cat) = 0.6 parts per million, which for a man of 65 kilo is a 
total of less than 7 milligrams in his entire skeleton. Muscle once ran up 
to the very unusual figure of 161.6 y/ 100 grams, a total of 44 milligrams for 
the entire musculature. Compared with Lead (980 p.p.m. for bone - Lead Studies 
by Aub et al), which would give a total of 9800 milligrams, this storage of 
mercury is insignificant. 
The behaviour of mercury has shown itself to be closer to the arsenic 
type than we had previously considered; this is especially shown in the skin 
and hair concentration, its effects in nutrition, and its absence of storage. 
Mercury may then be a safer drug than the less immediately poisonous Lead, or 
Bismuth, which seems to follow somewhat closer to Lead than to mercury. This 
matter has serious practical considerations. 
Question 9 Does the application of cosmetics containing insoluble mercury 
increase the general body stream? 
(a) Normal Skin 
(b) Abnormal Skin 
This matter was previously discussed and we have added data on 2% 
White and irradiated skins. 
There is no doubt remaining in our minds that the use of such oint- 
ments on either normal or mildly irritated skins is locally and generally 
quite harmless, provided care is taken to prevent oral ingestion. Very exten- 
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sive use, and uncontrolled use on young children and babies therefore seems undesirable. 
In the course of our various investigations, we have not found any evidence 
to show that white precipitate of mercury, in spite of its being enormously used, 
is causing appreciable damage. Dr. Hansmann, in 10,000 post mortems, has seen one 
such case -- in a medically treated child. Drs. Howell and Kennedy, in 50,000 con- 
tinuous hospital records, have no case, yet this is a town where considerable use of 
cosmetics occurs. Dr. Cash King's studies (X -Ray) on 15 humans constantly using 
and handling the materials are quite negative. Occasionally, as with anything, 
allergic reactions occur. Cases of fatal poisoning in the literature which I have 
seen are all cases of extensive dermatitis, (an incomplete diagnosis, at best), 
treated medically with 10% ointment, and no precautions against oral ingestion are 
recorded. 
We are inclined, however, to the view that extensive skin diseases should 
be treated cautiously with such materials, but as this is obviously not a simple 
cosmetic and family remedy problem, it should not be undertaken without medical 
supervision. 
As previously mentioned in our earlier report, Sollmann et al report 
no abnormally increased absorption from skin with rashes, and we find none from 
irritated skins due to ultra- violet light. 
Zinc and Bismuth have not shown themselves to modify the effects of ab- 
sorption in animals. As this, however, is mostly oral, this result is not con- 
clusive. The effects of this nature on the human skin are probably not important 
as we previously discussed. 
The animal experiments with Red Oxide of mercury suggest this to be of 
the same order, though possibly slightly more easily absorbed than the White 
Precipitate. However, the Red Oxide contains 92% of mercury as contrasted with 
80% for the White Precipitate, so that the small observed difference may be ac- 
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counted for on these grounds. In any case, a larger series of experiments would 
be necessary to establish this difference beyond question. 
CONCLUSIONS 
(1) The application of 2 -10% White ammoniated mercury ointments to healthy human 
skin is not normally associated with any serious local injury. (We except 
allergic reactions.) 
(2) There is no material absorption into the general circulation from such 
ointments. 
(3) There is no material change in the absorption of mercury from irradiated 
(inflamed) skins. 
(4) The application in reasonable amounts to the unbroken skin is a safe prac- 
tical proceeding providing oral ingestion is prevented. 
(5) Extensive application to the broken skin is probably undesirable and actually 
dangerous. 
(6) All animals listed -- Man, Cat, Dog, Rabbit, Cow, Pig, Fish, Frog -- contain 
mercury normally. 
(7) Most foods contain traces of mercury. 
(8) Mercury in small amounts is not cumulative -- and is not poisonous. 
(9) Mercury in large amounts may be cumulative, and therefore become poisonous. 
(10) Such large amounts could not be obtained from cosmetic use, except by most 
extensive application on damaged skins, or gross oral contamination. 
(11) Healthy animals probably withstand without damage a higher body stream of 
mercury than unhealthy ones. Such a conclusion seems applicable to man, and may 
partially explain why most dangerous poisoning cases occur in medical hands. 
(12) Animals have been shown to withstand, without evidence of damage, a higher 
mercury body stream than was expected. Our experiments throw no light on any 
question of tolerance. 
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P A R T I I I 
Work of 





Report of Radiologist 
Dr. Cash King 
Memphis, Tennessee 
January 24, 1940 
RATS 
As of examination on December 16, 1939 
Group #1 --- Three animals, skeletal and soft tissue development is 
normal, testes well developed. One animal shows pneumonia 
or atelectasis of a portion of the right lower lobe. 
Group #2 -- These animals are definitely larger in every respect than 
Group #1. The density and texture of the bony structures 
and soft tissues is normal, the testes are enlarged in 
proportion to the general animal growth. One of the three 
animals in this group shows almost complete atelectasis of 
the right lung with marked shift of the heart and other 
mediastinal structures to this side. Emphysematous changes 
are quite pronounced in the left lung. Another of this 
group shows some broncho -pneumonia in the lower lobe of both 
lungs with shift of the mediastinal structures to the left. 
Group #3 --- The three animals in this group are better developed and 
show better growth than Group #1, apparently all three are 
females, no abnormality noted in the density or development 
of the bony structures and soft tissues. Two of these 
animals show abnormal chest findings, one shows bilateral 
bronchial pneumonia with a slight shift of the mediastinal 
structures to the right, the other shows atelectasis of a 
great portion of the right upper lobe with a marked shift 
of the mediastinal structures to the right. 
Group #4 -- Consists of three animals all females, with quite similar 
development of the bony structures and soft tissue to that 
of Group #3. No pathologic changes noted. One of this 
group shows poor ariation of the left lung with possibly 
some atelectasis in the upper part of this lung. 
Group #6 -- Consists of six male rats, all show good development of 
the skeletal and muscular system with testes of size and 
density in proportion to body development. One of this 
group shows some pneumonic infiltration of the right upper 
lobe. 
Group #8 --a This group consists of three females and three males, two 
of the females are underdeveloped, the epiphyseal lines 
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suggest that they are younger rats than the males. Of 
the female group two show abnormal chest findings; one a 
bilateral broncho -pneumonia with the heart shadow displaced 
upward and to the left, the other shows a pneumonia of the 
right lower lobe with a marked upward displacement of the 
heart shadow (this organ is located in the thoracic inlet 
with the loser half of the chest cavity free from evidence 
of mediastinal oontent) . Of the male group one of the three 
is definitely undeveloped in comparison to the other two, 
apparently younger. No pathologic changes in any of these 
three. 
Group # 10 --This group consists of three females and three males; all show 
satisfactory development of the skeletal and muscular system, 
two of the males are particularly large with proportionate 
development and. density of the testes. One of the males shows 
some pneumonia at the right base. 
Group #12 -- Consists of six animals, all males. This group shows normal 
development with no pathologic changes of any type. 
Group #14 -- This group consists of six male rats, all are well developed 
in e very respect, only one of the series showing pathologic 
changes and that is atelectasis of the left upper lobe with 
a shift of the mediastinal structures to that side. 
Group #15 -- Consists of six females all well developed and no pathologic 
changes noted in any of the systems. 
Group #16 -- Consists of three female rats all free from pathologic 
changes of any type. 
Group #17 -- Consists of six female rats all free from pathologic changes 
of any type (however one of this group was radiographed in 
a lateral position making it difficult to interpret the 
findings in the thorax). 
Group #18 -- Consists of three female rats all well developed and free 
from pathologic changes of any type. 
Group #19 -- Consists of five male rats four of which were well developed 
and free from pathologic changes in any of the systems. One 
shows a bilateral, broncho -pneumonia. 
Group #20 -- Consists of five females, one of which is slightly under- 
developed in size in comparison to the other four. There 
is no abnormal density or other pathologic changes demonstrated 
in the skeletal or muscular systems. There are no positive 
bone findings in any of this group. 
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RABBITS 
As of examination on October 9, 1939 
This examination consists of a radiographic study of the 
pelvis, hips and lower extremities of a group of 12 rabbits. 
All of these show good developnent of the soft tissues and bony 
structures. Careful comparative study of the radiographic 
density of the cancellous structures shows a uniformly healthy 
skeletal system. There were no rarefactions or increase in 
densities that would suggest pathologic changes or deposits of 
heavy metals along the epiphyseal lines as would be expected in 
heavy metal poisoning. Animals number 10 and 12 show a little 
greater development in bony structures and in the testes than any 
of the others in the series. 
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SUMMARY AND CONCWSIONS 
The X -ray examination consisted of a radiographic study- 
of the upper and lower extremities on 15 individuals, who were 
employed in the preparation of products containing heavy metals, 
and 70 rats and 24 rabbits, which were receiving various amounts of 
mercury by varied methods of administration. Of the animals there 
were a certain number of controls that received X -ray studies for 
comparison. 
After repeated studies of all the X -ray examinations made 
I am of the opinion that there is no X -ray evidence of any storage 
of heavy metals in the bonus structures or soft tissues. The only 
constant finding was noted in the animal group where it appeared 
that the animals receiving large amounts of mercury showed greater 
development of both skeletal and soft tissues. 
HUMANS 
As of examination on November 3, 1939 
Radiographs of the humans consisted of: an anterior` 
posterior view of the lower half of the right leg including 
the ankle joint and part of the foot; the right knee with 
one third of the shaft of the bones proximal and distal to 
the joint; the right forearm including the wrist and a 
portion of the hand, the right elbow joint including one 
third of the shaft of the bones proximal and distal to the 
joint. 
#8716- Mrs. Ruth Wiggins Reynolds Age 29 6 months contact 
The skeletal system is that of ana duit without developmental 
anamalies and with normal cencellous structure density. The 
joints are well spaced and free from pathologic changes. 
#8717- Mrs. Ernest Flowers Age 41 6 years contact 
The skeletal system is that of an adult without developmental 
anamalies and with normal cancellous structure density. The 
joints are well spaced and free from pathologic changes. 
#8718 - Miss Geneva Owens Age 24 8 years contact 
The skeletal system is that of an adult without developmental 
anamalies and with normal cancellous structure density. The 
joints are well spaced and free from pathologic changes. 
#8719 - Miss Christine Hopkins Age 28 8 years contact 
The skeletal system is that of an adult without developmental 
anamalies and with normal cancellous structure density. The 
joints are well spaced and free from pathologic changes. 
#8720 - Arlon Dale Age 21 8 years contact 
The skeletal system is that of an adult without developmental 
anamalies and with normal cancellous structure density. The 
joints are well spaced and free from pathologic changes. 
#8721 - Mrs. George Alexander Age 67 30 years contact 
The middle third of the shaft of the right fibula shows unusual 
thickening of the compact bone but the marrow cavity is still well . 
developed and within normal requirements. There is some spur formation 
noted on the interarticular tubercle of the tibia at the knee joint 
and the tubercle on the medial condyle of the femur is unusually well 
developed. The changes seen are those that usually encountered in a per- 
son who has done heavy manual labor. There is no evidence of systemic 
disease. 
#8722 - Mrs. Minnie Dunn Age 68 31 years contact 
Bones of the arm and forearm are negative, some lipping at the 
edge of the articular surface of the bones forming the right knees 
no other pathologic changes seen. 
#8723 - Carl Ramsey Age 30 years 14 years contact 
The skeletal system is that of an adult without develop- 
mental. anamalies and with cancellous structure density. The 
joints are well spaced and free from pathologic changes. 
#8724 -9 Charles Parkhill Age 27 years 6 years contact 
There is one rounded sclerotic area that measures 4x6 mms. 
located in the medial malleolus of the right tibia, this is not 
uncommon finding in normal individuals, otherwise the bony 
structures are negative. 
#8725 - Mrs. Ernie Sparks Age 55 22 years contact 
The skeletal system is that of an adult without develop- 
mental anamalies and with normal cancellous structure density. 
The joints are well spaced and free from pathologic changes. 
#8726 - Miss Nova. Sparks Age 59 32 years contact 
The skeletal system is that of an adult without develop- 
mental anomalies and -..th normal cancellous structure density. 
The,joints are well spaced and free from pathologic changes. 
#8727 -- Mary Frances Raines Age 23 5 years contact 
The skeletal system is that of an adult without develop- 
mental anomalies and with normal cancellous structure density. 
The joints are well spaced and free from pathologic changes. 
#8728 - Miss Bessie McGuire Age 35 16 years contact 
The skeletal system is that of an adult without develop- 
mental anomalies and with normal cancellous structure density. 
The joints are well spaced and free from pathologic changes. 
April 12, 1940 
X -ray examination of rabbits Nos. 2, 4, 7, 8, 11 and 
12 failed to reveal any abnormalities in the bony structures 
or in the soft tissues. This series of rabbits shows more 
mature bone development than any of the previous series, 
where complete fusion of the epiphyseal line has occurred 
healthy cancellus striations are noted in each instance. 
J. Cash King, M.D. 
902 Madison Ave. 
Memphis, Tennessee 
P A R T I V 
P A T H O L O G I S T ' S R E P O R T 
By Dr. G. H. Hansetann 
Columbia Hospital 
Milwaukee, Wisconsin 
on animal subjects furnished 
by Dr. O. S. Gibbs 
C19A B 35 
LABORATORY OF PATHOLOGY 
COLUMBIA HOSPITAL 
MILWAUKEE, WIS. 
June 4, 1940 
Dr. Owen S. Gibbs 
Department of Pharmacology 
University of Tennessee 
Memphis, Tennessee 
Dear Dr. Gibbs: 
The sections on the rabbits are finished. I can make the follow- 
ing statements regarding the examinations: 
(1) There were 12 rabbits examined in all. 
(2) The rabbits all appeared in a good state of nutrition 
and health. 
(3) There were 195 sections made in all. 
(4) There was no cumulative pathology in any of the animals 
which could be attributed to a poison. I mean by that 
that there was no lesion in which the progress of the 
lesion out -stripped the ability of the body to repair. 
(5) Rabbits on 10% amonium mercury revealed what appeared 
to be toxic injury to the kidney and brain cells. This 
resulted in an excessive disintegration of kidney cells 
and an accumulation of inflammatory cells in the glomeruli. 
The brain cells revealed large hyaline degenerative 
granules in the cells. There was no evidence of death 
of nerve cells. 
(6) Organs sectioned were skin, sex gland, brain, lung, heart, 
stomach, duodenum, pancreas, tongue, esophagus, trachea, 
muscle, liver, appendix, ileum, cerebellum, cysts of 
tapeworm infestation, spleen, adrenals, and thyroid. 
Incidental lesions were traumatic injury to testicle and 
cysticercus infestation with occasional scars in the liver 
which resulted from this. 
The sections on most of the other animals are through, and in the 
course of the next few weeks I expect that they will be examined. I 
am leaving town for the next 10 days and will carry the work farther 
upon my return. 
Sincerely yours, 
GHH: FB 
i. Hnasmann, M. D. 
RATS 
(1) Ninety -nine (99) rats were examined in all. 
(2) All rats were infested with embryos of tapeworms, evident in the liver. 
(3) All rats had a varying degree of tracheal bronchitis which in several 
instances extended to the lung parenchyma and to the mediastinal lymph 
nodes. The etiology of this infection ras a streptococcus which pro- 
duced alpha hemolyeis. 
(4) In two instances this infection appeared to have caused death. 
(5) Post mortem examination3were complete including the neck organs, 
salivary glands, buccal mucosa, and brain. 
(S) The animals were in good state of nutrition, but, the animals received 
last were quite senile as evidenced. by their general appearance and in 
one case particularly by marked atrophy of the testicular epithelium. 
(7) No progressive visceral lesions were encountered. I mean by this no 
lesion was noted which was not fully recoverable without leaving 
behind residual pathology. 
(8) No lesion was found which would be in every way characteristic of 
mercury or bismuth intoxication and would be accepted as such by 
pathologists acquainted with such lesions. 
(9) Four (4) rats on 10% ammoniated mercury revealed what I interpreted, 
to be a slight irritation of the glomeruli of the kidneys and an 
increased desquamati.on of renal tubular epithelium. However, this 
finding is relative to the amount seen in the normal and is not very 
clear cut and may be only a matter of opinion. 
(10) There was a similar indefinite injury to brain cells in one instance 
on 10 % ammoniated mercury'. 
(11) In the first seventy-nine (79) rats examined histologically the 
muscle, brain, cerebellum, ependyma, choroid plexus, salivary 
glands, buccal mucous membrane, trachea, esophagus, lung, heart, 
liver, spleen, lymph nodes, stomach, duodenum, pancreas, adrenal, 
kidney, colon, sex glands, and skin were represented. 
(12) In the last twenty (20) rats only the skin, kidney, liver, salivary 
glands, and brain were examined since all organs appeared normal. 
(13) Several animals were found dead. Two obviously died of lung infec- 
tion which extended to the mediastinal lymph nodes. The others 
were too far post; mortem to accurately interpret the mechanism 
leadin-- to death. 
(14) One thousand two hundred and fifty -four (1,254) miscroscopic 
sections were made and examined. 
RABBIT. 
Thp report on the rabbits has already been made. 
DOGS 
(1) Twenty (20) dogs were examined in all. 
(2) Incidental lesions: 
Grumpy: Grumpy had a myocarditis with diffuse exudate in the myocar- 
dium. The kidney and liver revealed toxic injury. I am now of the 
oninicn that thiF was the result of bacterial intoxication rather than 
heavy metal, because the most marked lesion, the heart lesion, did not 
recur in any of the other animals and was attended with marked exudate 
characteristic of bacterial infection. 
Pinky: No cause was found for the paralysis. Whatever the cause 
might have been, the recovery was complete during the treatment with 
the 2% ammoniated mercury ointment. It might have been a toxic 
neuronitis Which would leave no residual pathology. 
13/6: Had a bronchopneumonia. 
7/10: Revealed generalized sepsis. 
Most all dogs had worms. Several were pregnant 
(3) The same routine was followed as in the rat examinations. 
(4) No progressive or constant lesion which could be attributed to 
mercury was found. 
(E) Two hundred and seventy -three (273) microscopic sections were made 
and examined. 
CATS 
(1) There were twelve (12) cats examined in all. 
(2) The fatty kidney previously reported which was first thought to be 
due to mercury poisoning was found in controls. The fatty substance 
did not stain with osmic acid after mordanting with Mueller's fluid. 
It must have been lipid rather than neutral fat and a normal find- 
ing in a cat's kidney. The cells containing, this lipid did not 
show the characteristic degeneration as seen in mercury or bismuth 
poisoning. 
(3) No lesion characteristic of mercury or bismuth poisoning was found. 
CATS CONT'D 
(4) No important lesion of any kind was found. 
(5) Incidental findings: healed pneumonia, old scar of tongue, worms, 
and pregnancy. 
(6) The examinations were made in the same thoroughness as described 
under rate. 
(7) One hundred and fifty (150) microscopic sections were made and 
examined. 
COW 
The sections on the liver of the cow revealed extreme fatty metamorphosis 
with areas of necrosis. It would indicate a very severe acute intoxica- 
tion or an overwhelming bacterial infection. The lesion is not specific. 
The above specimen (cow) has no connection with the work on mercury.. 
It pertains to a specimen submitted by a representative of the Federal 
Government in connection with a disease of cattle which renders the 
meat unfit for human consumption. 





3321 N. MARYLAND AVE. 
MILWAUKEE 
January 11, 1940 
Dr. Owen S. Gibbs 
Department of Pharmacology 
University of Tennessee 
Memphis, Tennessee 
Dear Dr. Gibbs: 
I am submitting herewith a report on pathology on 
animals thus far submitted in só far as such reporta 
are complete. 
It appears that rats are quite resistant to mer- 
cury poisoning. However, I must state that the condi- 
tion here is complicated by respiratory infection and 
tapeworm infestations in all animals. There were a 
few animals in which it appeared that mercury might 
have had some deleterious effect, but it was not of 
sufficient consequence to differentiate clearly from 
the other two conditions which the animals had. I 
propose to re- examine some of these rats, however, after 
all information is complete. I am only reporting here- 





H. Ha' n smarm M. D. , 
PROGRESS REPORT FOR THE EXTERNAL PRODUCTS RESEARCH INSTITUTE 
General Remarks 
1. All rats had cysts, and some cysts contained embryonic tapeworms. Some 
cysts contained puriform material. 
2. Histologically, all animals had a low -grade tracheobronchitis. In one 
instance this extended to the lung parenchyma and caused a pneumonia. 
3. The upper number is my accession number. The lower is your identification. 
4. The animals revealing an abnormality not found in the controls will be 
marked with an asterisk, and the abnormality will be found in a foot 
note under the corresponding number. 
5. A complete examination was made on all rats and included brain examination. 
6. All organs were sectioned. 
7. Four hundred and sixty-nine microscopic sections have been prepared and 
examined on rats alone. 
6. Esophages and stomachs of numbers 3s 1, 4, 5, and 7 were regularly examined, 
and no abnormality was found. Controls could not be told from those on 
which the tube was passed. 
First Group. Date 7 September. 
1/1 male, control. 2/3 female, 1 cc H2O by mouth daily. 
5/4 female, control. 4/5 male, 1 cc HgC12 by mouth - 10 gamma. 
5/7 female, 1 cc HgC12 by mouth - 1.0 gamma. 6/9 males 5 mgs 10% white ointment. 
7/11 males 5 mgs 5% white ointment. 8/13 male, 5 mgs 2% white ointment. 
Second Group. September 27, 1939. 
9/1 male, control. 11/4 female, control. 12/3 female, 1 cc H2O by mouth. 
10/5 males 1 cc HgC12 by mouth - 10 gamma. 15 /7- female, 1 cc HgC12 by mouth 
- 10 gamma. 
16/9 male, 5 mgs 10% white ointment. 14/11 males 5 mgs 5% white ointment. 
13/13* male, 5 mgs 2% white ointment. 
Third Group. October 2, 1939. 
17/2 male, 5 mgs base. 18/4 female, control.. 
19/5 male, 1 cc HgC12 by mouth - 10 gamma. 
20/7 female, 1 cc KKgC12 by mouth - 10 gamma. 
21/9 male, 5 mgs 10% white ointment. 
22/11 male, 5 mgs 5% white ointment. 
23/13 male, 2% white ointment. 
Fourth Group. October 16, 1939. 
24/16-1 female, 5 mgs 10% red ointment. 
25/16 -2 female, 5 mgs 10% red ointment. 
26/16 -3 female, 5 mgs 10% red ointment. 
27/18 -1 female, 5 mgs 5% red ointment. 
28/18 -2 female, 5 mgs 5% red ointment. 
29/18 -3 5 mgs 5% red ointment. 
30/19* male, 5% white ointment and 5% BiCO3. 
31/20 female, 5% white ointment and 5% zinc. 
November 27, 1939. Six Month Treatment. 
32/1 33/3 34/5 36/7 37/7 38/7 39/9 40/9 41/11. 42/11 43/11 44/13 
33/3. Only animal of this group examined microscopically. No lesions other 
than those found in animals previously examined. None other than the usual 
lesions found on the other numbers of this group on gross examination. 
FOOTNOTES 
Rats 
13/13: This rat revealed diffuse necrosis of one section of the liver. Another 
sections was not abnormal. The necrosis would be satisfactory for heavy metal 
poisoning, but if it were, it should be more diffuse and noticeable grossly. 
Review of pieces of liver reamining revealed that the section was taken adjacent 
to a tapeworm cyst which was filled with pus. The necrosis is, therefore, inter- 
preted as due to an infected cyst. 
30/19: The skin revealed slight hyperkeratosis with a few inflammatory cells. 
There were areas of focal necrosis of the liver. Some brain cells were hydropic, 
and others were pyknotic. Some contained intranuclear and cytoplasmic inclusions. 
The kidney tubules revealed some increased epithelial degeneration. The heart 
revealed hyalin degeneration. It would appear that this animal suffered from 
heavy metal intoxication. 




1. The upper number is my accession number, and the lower number is that 
of Dr. Gibbs 
2. All organs were sectioned. 
3. Animals revealing an abnormality will be marked with an asterisk, and 
the abnormality will be noted in a footnote. 
4. Examinations were complete, including the brain. 
5. Fifty -six microscopic preparations. 
October 2, 1939 
1/2 female, 2% white ointment, 60 mgs per day and later 75 mgs. 
2/8* female, 10% white ointment. 
October 23, 1939 
3/5* female recently pupped. Three month white ointment. 
October 19, 1939 
4 /Grumpy female. Killed October 19, 1939. 
CATS 
General Remarks: 
1. The upper number is my accession number, and the lower number is that 
of Dr. Gibbs. 
2. Animals showing abnormalities will be marked by an asterisk, and the 
abnormality will be noted in a footnote. 
5. All organs were sectioned. 
4. Forty -four sections were made. 
5. Examinations were complete including the brain. 
CATS Cont. 
September 27, 1939. 
1/12* male, 10% white ointment - 12 weeks. 
2/6 female, treated with 2% white ointment - 12 weeks. 
September 23, 1939. 
3/2* normal control cat. 
FOOTNOTES 
Dogs 
2/8: Large and histologically hyperplastic lymph nodes. 
3/5: Large, lactating breasts and enlarged tubes. Organs appear normal. 
4 /Grumpy: Hydropic change and pyknosis of occasional neuron. Degeneration of 
epithelium of cells of convoluted tubules of kidneys with fatty change. Hydrops 
of liver cells with inclusions. Marked acute toxic myocarditis with exudate 
beneath the pericardium and endocardium. Inflammation of jejunum. Inflammation 
about vessels of ilium. Marked activity on the part of mucous cells of ilium and 
colon. Marked secretion in ducts of salivary glands and findings satisfactory 
for heavy metal injury. 
Cats 
1/12: This cat had generalized lymphoid hyperplasia. The kidneys were grossly 
enlarged, grayish -white, and somewhat greasy. All other organs appeared normal 
on gross examination. Microscopic examination revealed very diffuse fatty degen- 
eration of the epithelial cells of the convoluted tubules of the kidney. The 
liver revealed some fatty metamorphosis. The skin at the point of application 
of the ointment was quite normal. The brain revealed an occasional swollen 
retrograde neuron. It appears to me that the kidney and brain changes must be 
due to heavy metal tissue injury. 
3/2: This cat apparently died of dehydration. The superficial epithelium of 
the gastro -intestinal tract was gone. The liver was somewhat fatty. There 
was no obvious infection of the gastro -intestinal tract. 
